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ABSTRACT
The p rob lem  o f  w hy C h in e s e  h ib is c u s  d o e s  no t s e t  s e e d  in  th e  
f ie ld  du ring  th e  sum m er m onths w a s  a p p ro a c h e d  from  th e  s ta n d p o in t  
o f th e  p o s s ib le  m a lfu n c tio n in g  o f th e  p o l le n .  I t i s  r e a l iz e d  th a t  th e  
m eg a sp o re  m ight be  of e q u a l im p o rtan c e  a lth o u g h  tim e  d id  not p e rm it 
i t s  in v e s t ig a t io n .
P la n ts  o f H ib is c u s  fH . r o s a - s i n e n s i s , H . s c h lz o p e ta lu s , H . 
s v r i a c u s , an d  th e  h y b rid  £[* r o s a - s in e n s i s  X H . s c h iz o p e ta lu s ) w e re  
g row n u n d e r g re e n h o u se  c o n d itio n s  in  B aton  R ouge , L o u is ia n a  du ring  
th e  f a l l ,  w in te r  an d  e a r ly  sp rin g  m onths a n d  t e s t e d  for p h o to p e r io d ic  
r e s p o n s e ,  c ro s s  c o m p a tib i l i ty ,  optim um  tim e  of d ay  for p o l l in a t io n ,  
a n d  th e  r a te  o f p o l le n  tu b e  p e n e t r a t io n .  P la n ts  o f th e  v a r ie t ie s  o f
H . r o s a - s i n e n s i s  a n d  th e  h y b rid  f lo w ere d  u n d e r b o th  th e  long  an d  
th e  sh o rt d a y le n g th , w h ile  th o s e  of s v r ia c u s  f lo w ere d  o n ly  u n d er 
th e  long  d a y le n g th , andJtL , s c h lz o p e ta lu s  flo w ered  o n ly  u n d e r th e  
sh o rt d a y le n g th . V arious d e g re e s  o f c o m p a tib ili ty  r e s u l te d  b e tw e e n  
an d  w ith in  th e  d if fe re n t s p e c i e s .  The o n ly  in te r s p e c i f ic  c r o s s e s  
w e re ; r o s a - s i n e n s i s  X H . s c h lz o p e ta lu s  an d  H . r o s a - s i n e n s i s  X 
th e  h y b r id . D uring  th e  f a l l ,  w in te r  a n d  e a r ly  sp rin g  m on ths p o l l in a ­
t io n s  m ade an y  tim e  b e tw e e n  9 :30  AM an d  4 :30  PM  r e s u l te d  in  s e e d -  
s e t ,  w ith  p o lle n  tu b e  p e n e tra t io n  b e in g  a c c o m p lish e d  in  9 to  10 h o u r s .
ix
No s e e d - s e t  r e s u l te d  during  th e  sum m er m onths in  th e  f ie ld  in  
B aton  R o u g e , L o u is ia n a  am ong or w ith in  any  of th e  s p e c i e s ,  re g a rd ­
l e s s  o f any  m o d ific a tio n  o f th e  b re e d in g  t e c h n iq u e s .  P o l l in a t io n s ,  
w ith - f ie ld  grow n p la n t s ,  m ade during  th e  l a s t  2 w e e k s  of O c to b e r  
r e s u l te d  in  s u c c e s s f u l  s e e d - s e t .
An id e a l  a r t i f ic i a l  m edium  for th e  in. v itro  g e rm in a tio n  of 
C h in e s e  h ib is c u s  p o lle n  w a s  e s ta b l is h e d  a s ;  1 p e rc e n t USP #1 
sh re d d e d  a g a r  a n d  40 p e rc e n t s u c r o s e ,  u s in g  d i s t i l l e d  w a te r  an d  
no a d d i t iv e s .  The ty p e  a n d  c o n c e n tra tio n  o f a g a r  a n d  s u g a r  u s e d  
w ere  o f th e  u tm o s t im p o rtan c e  for th e  in  v itro  g e rm in a tio n  o f C h in e s e  
h ib is c u s  p o l le n .  T e s ts  in c lu d e d  3 ty p e s  a n d  2 c o n c e n tra t io n s  o f a g a r  
w ith  4 ty p e s  a n d  9 c o n c e n tra t io n s  of s u g a r .  The t e s t s  on  a d d it iv e s  
in c lu d e d  1 , 5 ,  2 5 , a n d  50 ppm of B , C a ,  N , P .  K, NAA, a n d  GA.
A lso  in c lu d e d  w e re  t e s t s  o n  th e  pH of th e  m edium  (rang ing  from  2 .0  
to  1 2 .0 )  an d  g e rm in a tio n  te m p e ra tu re s  (rang ing  from  3 5 ° F . to  1 2 0 ° F .) .  
The optim um  pH for C h in e s e  h ib is c u s  p o lle n  g e rm in a tio n  on  a n  a r t i f ic ia l  
m edium  w a s  6 ,5  to  7 .0  (w ith  no g e rm in a tio n  be low  3 .0  o r a b o v e  1 1 .5 )  
w h ile  th e  id e a l  in  v itro  g e rm in a tio n  te m p e ra tu re  w a s  7 0 ° F . to  8 5 ° F . 
(w ith  no g e rm in a tio n  a t  te m p e ra tu re s  b e lo w  5 0 ° F . o r a b o v e  1 0 0 ° F ,) .
P o lle n  from  p la n ts  o f  v a r ie t ie s  w ith in  th e  s p e c ie s  r o s a -  
s in e n s i s  (w ith  th e  e x c e p tio n  of th e  v a r ie ty  "Kona**), 1J. s c h l z o p e ta lu s . 
a n d  th e  h y b rid  g e rm in a te d  in  v itro  during  th e  f a l l ,  w in te r  a n d  e a r ly
sp rin g  m o n th s . The p o lle n  from p la n ts  of v a r ie t ie s  of th e  s p e c ie s
H . s v r ia c u s  d id  no t g e rm in a te  in  v itro  du ring  th e  sam e  tim e  o f y e a r  
on  th e  sam e m edium , y e t  s e e d - s e t  r e s u l te d  u s in g  v a r ie t ie s  o f th is  
s p e c ie s  in d ic a tin g  th a t  th e  p o lle n  w a s  v i a b le ,  bu t th a t  p e rh a p s  i t  
h ad  d iffe re n t re q u ire m e n ts  for g e rm in a tio n . P o lle n  o f p la n ts  g row n  
in  th e  f ie ld  du ring  th e  sum m er d id  no t g e rm in a te  in  v itro  u n d e r th e  
sam e e n v iro n m en ta l c o n d itio n s  th a t  w e re  u s e d  du ring  th e  w in te r  for 
i ts  g e rm in a tio n . H ow ever during  th e  l a s t  2 w e e k s  of O c to b e r th e  
p o lle n  of f ie ld  g row n p la n ts  d id  g e rm in a te  in  v itro  a n d  p o l l in a tio n s  
m ade a t  th i s  tim e  a ls o  r e s u l te d  in  s e e d - s e t .  S in c e  h igh  te m p e ra tu re s  
in  th e  la b o ra to ry  p re v e n te d  p o lle n  g e rm in a tio n , an d  th e  sum m er 
te m p e ra tu re s  in  B aton  Rouge a re  h ig h ,  i t  w o u ld  se em  lo g ic a l  to  
s p e c u la te  th a t  th e  c o o le r  te m p e ra tu re s  o f th e  f a l l ,  w in te r  a n d  sp rin g  
w ere  more c o n d u c iv e  to  th e  p ro p er fo rm atio n  an d  g row th  of th e  p o lle n  
an d  th e  r e s u l ta n t  s e e d - s e t  o f C h in e s e  h ib i s c u s ,  th a n  w e re  th e  sum m er 
m o n th s . How th e  h ig h  te m p e ra tu re s  m ight e f fe c t  th e  fo rm atio n  an d  
d ev e lo p m en t of th e  p o lle n  i s  not know n a t  th is  t im e .
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INTRODUCTION
H ib is c u s  r o s a - s i n e n s i s . a  s p e c ie s  know n a s  th e  " C h in e s e  
h ib is c u s "  i s  a  m em ber o f th e  M a lv a c e a e  fa m ily . T h is fam ily  i s  
c h a ra c te r iz e d  a c c o rd in g  to  B a iley  (1) a s :  " h e rb s ,  sh ru b s  o r t r e e s  
w ith  a l te rn a te  s im p le  l e a v e s ,  so m e tim es d e e p ly  p a lm a te ly  lo b e d  
a lm o s t co m p o u n d , re g u la r  p o ly p e ta lu s  m o stly  b is e x u a l  flo w ers  h av in g  
5 s e p a ls  and  p e t a l s ,  m any s ta m e n s  th a t  a re  u n ite d  in  a co lum n a ro u n d  
th e  p i s t i l ,  su p e rio r  s e v e ra l  c e l le d  o v a ry , a n d  fru it so m e tim es b e r ry 7 
l i k e ,  b u t u s u a l ly  c a p s u la r  or th e  c a rp e ls  c o h e r in g  an d  fa ll in g  aw ay  
a s  s e p a r a t e s . "
The v a r ie t ie s  o f " C h in e s e  h ib is c u s "  ran g e  in  flow er c o lo r  from 
y e l lo w , r e d ,  o ra n g e , a n d  w h ite  to  la v e n d e r ,  a n d  in  form from s in g le ,  
c r e s t e d ,  a n d  se m i-d o u b le  to  d o u b le  (4 1 ).
A lthough  th e  " C h in e s e  h ib is c u s "  i s  a  n a tiv e  of A s ia ,  th e  
e a r l i e s t  h y b r id iz a tio n  of th e  s p e c ie s  w a s  a c c o m p lish e d  o v e r 100 
y e a r s  a g o  in  E ng land  by  W illia m  B u ll, (a s  c i te d  by  N e a l -  4 0 ) , an d  
in  th e  1 8 7 0 's  in  H a w a ii by  th e  H o n o rab le  A rc h ib a ld  C le g h o rn , G o v e rn o r 
o f th e  I s l a n d s ,  w h o se  e ffo r ts  r e s u l te d  in  12 new  v a r i e t i e s .
The w h ite  f lo w ere d  H . a r a n t t i a n u s , H . k o k ls  (th e  p ro g e n ito r  o f 
th e  re d  v a r i e t i e s ) ,  a n d  JL* s c h iz o p e ta lu s  h a v e  b e e n  u s e d  e x te n s iv e ly
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in  h y b r id iz a tio n  (3 9 , 6 2 ) . The c ro s s in g  of_H_. s c h iz o p e ta lu s  w ith  H . 
r o s a - s in e n s i s  h a s  g iv e n  r i s e  to  th e  h y b rid  v a r ie ty  know n a s  "P sy c h e "
(2 0 ). C r o s s e s  am ong n a tiv e  s p e c ie s  an d  c u l t iv a te d  v a r ie t ie s  of 
h ib is c u s  h av e  r e s u l te d  in  im proved  h a rd in e s s  an d  in  a n  e x te n s io n  of 
th e  tim e  th e  flo w e rs  rem ain  o p en  (2 3 , 3 4 , 4 4 ) .
T here  h a s  b e e n  in  re c e n t  y e a rs  a n  in c r e a s e d  in te r e s t  in  th e  
" C h in e s e  h ib is c u s "  in  F lo r id a , H a w a ii ,  a n d  L o u is ia n a , w h e re  im ­
p ro v ed  v a r ie t i e s  hav e  b e e n  p ro d u ced  (2 , 15 , 2 0 , 3 9 , 4 0 , 4 1 ) .
The h ib is c u s  b ree d in g  program  a t  th e  L o u is ia n a  A g ricu ltu ra l 
E xperim en t S ta t io n ,  from w h ich  a num ber of im proved  v a r ie t ie s  h av e  
b e e n  p ro d u c e d , h a s  b e e n  h a n d ic a p p e d  by th e  fa i lu re  of s e e d  to  s e t  
in  th e  f ie ld  du ring  th e  sum m er m o n th s . C o n s e q u e n tly ,  p la n ts  m ust 
be  t r a n s fe r re d  from  th e  f ie ld  to  th e  g re e n h o u se  b e fo re  th e  f i r s t  f re e z e  
in  th e  f a l l .  S e e d  i s  s e t  during  th e  w in te r  m o n th s . The C h in e s e  
h i b i s c u s ,  w h ic h  i s  c o n s id e re d  a  p e re n n ia l  in  t ro p ic a l  a r e a s  an d  in  
th e  ex trem e  so u th e rn  a r e a s  of L o u is ia n a , i s  g row n  a s  a n  a n n u a l in  
th e  c e n tr a l  an d  n o rth e rn  a r e a s  of th e  s t a t e .
The in a b i l i ty  of J k  r o s a - s in e n s i s  to  s e t  s e e d  in  th e  f ie ld  
du ring  th e  sum m er m onths i s  no t u n iq u e  to  L o u is ia n a .  The sam e 
b e h a v io r  h a s  a ls o  b e e n  re p o r te d  fo r H a w a ii ,  N a k a so n e  (39) w r i te s ;
"The s u c c e s s  o r fa ilu re  o f s e e d - s e t ,  (of " C h in e s e  h ib i s c u s " ) ,  i s  i n ­
f lu e n c e d  by th e  tim e  of y e a r  p o l l in a tio n s  a re  m a d e . F low ers  p o l l i ­
n a te d  du rin g  th e  sum m er m onths h av e  g iv e n  e x tre m e ly  po o r r e s u l t s ,
w h ile  th o s e  flo w ers  p o l l in a te d  from O c to b e r th ro u g h  A pril h a v e  g iv e n  
a s  h ig h  a s  80 p e rc e n t s e e d - s e t . ” The re a s o n  for th is  i s  y e t  unknow n 
an d  w il l  be  a  prim e c o n s id e ra tio n  of th is  p a p e r .
The p rob lem  of s e e d - s e t  o f  C h in e s e  h ib is c u s  in  th e  f ie ld  in  
L o u is ia n a  c o u ld  w e ll  in v o lv e  a n y ,  o r p e rh a p s  a l l  of th e  fo llo w in g  
m o rp h o lo g ica l an d  p h y s io lo g ic a l  c o n s id e ra t io n s :  th e  d e v e lo p m e n t 
a n d /o r  fu n c tio n  o f th e  m ic ro -  a n d  m eg a - a) sp o ro p h y ll (s ta m e n  an d  
o v a ry ) , b) sp o ran g iu m  (an th e r  a n d  o v u le ) , a n d  c) sp o re  (p o lle n  an d  
m e g a sp o re ) . S in ce  a  th o ro u g h  in v e s t ig a t io n  of a l l  o f  th e s e  w ou ld  
o b v io u s ly  e x te n d  m uch b ey o n d  th e  l im its  w ith in  w h ic h  th is  r e s e a rc h  
m ust b e  c o n f in e d , a  lo g ic a l  in i t i a l  s tu d y  h a s  b e e n  s e le c te d  a s  s e e n  
in  "METHODS AND MATERIALS. "
REVIEW OF LITERATURE1
The rev ie w  of p u b lic a t io n s  p e r tin e n t to  th e  p rob lem  of s e e d - s e t  
o f C h in e s e  h ib is c u s  i s  a iT anged  under h e a d in g s  for th e  c o n v e n ie n c e  
o f  th e  r e a d e r .  O nly  s e le c te d  re fe re n c e s  a re  in c lu d e d .
1 . On p h o to p e rio d lsm  a s  r e la te d  to  H ib is c u s
The p h o to p e rio d ic  re s p o n s e  o f H ib is c u s  r o s a - s in e n s i s  a n d  H . 
s c h lz o p e ta lu s  h a v e  no t b e e n  re p o rte d  e ls e w h e r e .  H o w ev e r, s tu d ie s  
on  su c h  r e s p o n s e s  of 1^ . s v r ia c u s  hav e  show n th a t  th i s  s p e c ie s  m akes 
a  maxim um  am ount o f g row th  a n d  p ro d u c e s  a  maximum num ber o f 
f lo w ers  u n d er long  d a y s ; w h ile  u n der sh o r t  d a y s ,  th e re  i s  a  m inim um  
am ount o f g row th  a n d  a  m inim um  num ber of flo w ers  (1 4 ).
2 . O n s e e d - s e t  in  C h in e s e  h ib is c u s
T he fru it o f th e  C h in e s e  h ib i s c u s ,  (a pod  c o n ta in in g  from 1 to  
20 s e e d s ) ,  r ip e n s  in  5 to  7 w e e k s  a f te r  p o l l in a t io n ,  b ecom ing  d e ­
h is c e n t  a t  m a tu r ity . T h is  m akes n e c e s s a ry  th e  h a rv e s tin g  of s e e d s  
j u s t  p rio r to  m atu rity  (4 1 ). The s e e d s  w il l  g e rm in a te  im m e d ia te ly , 
or c a n  be  s to re d  a t  4 0 ° F . for a s  long  a s  2 y e a r s  (3 9 ). S c a r if ic a tio n
^All tax o n o m ic  c la s s i f i c a t io n s  a re  a c c o rd in g  to  H o rtu s  S e c o n d  
by  L . H . an d  E . Z . B a iley  (1 ).
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o f th e  s e e d c o a t  w ith  a k n ife  (39) o r by a 5 m inu te  to  2 hour so a k in g  
in  H2 SO 4  (52) h a s  p ro v en  b e n e f ic ia l  in  th e  fo rc in g  o f e a r ly  a n d  u n i­
form g e rm in a tio n . The tim e  re q u ire d  for s e e d  g e rm in a tio n  v a r ie s  
from 8 d a y s  to  s e v e ra l  m onths (4 1 ),
C h in e s e  h ib is c u s  d o e s  no t s e t  s e e d  in  th e  f ie ld  du ring  th e  
sum m er m onths in  th e  o p in io n  of M e e u se  (3 7 ), due  to  th e  la c k  of 
p o llin a tio n  by th e  hum m ingb ird . H o w ev e r, th is  a p p e a rs  in c o r re c t ,  
s in c e  c o n tro lle d  f ie ld  p o l lin a tio n s  h a v e  b e e n  m ade in  b o th  H aw aii 
an d  in  B aton  Rouge a t th a t  tim e  of y e a r  w ith  no r e s u l t in g  s e e d - s e t .
3 . O n th e  p o ll in a tio n  of H ib is c u s
The m ost fa v o ra b le  tim e  of d a y  for p o l l in a tio n  of th e  C h in e s e  
h ib is c u s  h a s  b e e n  re p o r te d  by Ja y a w e e ra  (24) a s  b e tw e e n  8 AM an d  
11 A M . S in c e  th e  f lo w ers  g ra d u a lly  o p e n  n e a r  m id -m o rn in g , a  c o n ­
tro ll in g  fa c to r  in  p o l l in a tio n  of any  p a r t ic u la r  v a r ie ty  c o u ld  b e  flo w er 
open ing  an d  a n th e r  d e h is c e n c e .  N a k a so n e  (39) h a s  w r i t te n  th a t  
" p o llin a tio n s  (of C h in e s e  h ib is c u s )  a re  m ade d u rin g  th e  m orning due 
to  th e  sh o rt l iv e d  n a tu re  of th e  f lo w e r . A g re a t  num ber o f e a r ly  a f t e r ­
noon  p o ll in a tio n s  h a v e  b e e n  m ade a t  th is  s ta t io n  (H aw aii) b u t o n ly  a 
few  ' t a k e s ' h a v e  b e e n  o b ta in e d ."
4 .  On p o lle n  tu b e  p e n e tra t io n  o f C h in e s e  h ib is c u s
C a m e ra riu s  in  1649 (a s  c i te d  by  M a h e sh w a ri -  36) s ta te d  th a t  
th e  a n th e rs  p la y  th e  ro le  o f th e  m ale  s e x u a l  o rg a n s  in  p l a n t s , w h ile
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in  1850 A m ici, w ho  o b s e rv e d  p o lle n  tu b e s  t r a v e ll in g  th ro u g h  th e  
s tig m a  an d  s ty le  of a  flo w er c o n c lu d e d  th a t  th e  p o lle n  tu b e  e lo n g a te d  
a n d  u ltim a te ly  cam e  in  c o n ta c t  w ith  th e  o v a le .  The tim e  re q u ire d  
for th e  p o l le n  tu b e  to  h e lp  a c c o m p lish  f e r t i l iz a t io n  h a s  n o t b e e n  
a c c u ra te ly  d e te rm in e d  for th e  C h in e s e  h ib is c u s ;  h o w e v e r , i t  i s  a s ­
sum ed  th a t  th e  tu b e  h a s  p e n e tra te d  th e  s ty le  by  th e  tim e  th e  p e ta ls  
w i l t  in  th e  e v en in g  (3 9 ). It may b e ,  o f c o u r s e ,  th a t  f e r t i l iz a t io n  
i t s e l f  d o e s  not ta k e  p la c e  u n til  s e v e ra l  d a y s  a f te r  p o l l in a t io n .  The 
p o lle n  tu b e  o f s p e c ie s  o f o rc h id  p e n e tr a te s  th e  s ty le  to  rem a in  
dorm ant fo r a s  long  a s  s e v e ra l  m onths p rio r  to  f e r t i l iz a t io n  (3 5 ).
5 . O n in te r s p e c i f ic  c r o s s e s  in  H ib is c u s
In te r s p e c if ic  c r o s s e s  in  H ib is c u s  a re  no t uncom m on (3 4 ).
V arious r a c e s  of H . s v r ia c u s  h a v e  b e e n  re p o r te d  s e l f - s t e r i l e ,  but 
c ro s s  c o m p a tib le  (5 3 ). The s e lf in g  o f H . r o s a - s i n e n s i s . a lth o u g h  
no t im p o s s ib le ,  i s  know n to  b e  ra re  (3 9 ).
6 . O n chrom osom e num bers of H ib is c u s
The chrom osom e num ber o f H . r o s a - s i n e n s i s  i s  2n=13 (5 7 ), 
b u t th o s e  o f i i*  s v r ia c u s  a n d  H . s c h iz o p e ta lu s  a r e ,  a s  y e t ,  u n re ­
p o rte d  .
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7 . O n th e  s tru c tu re  of th e  p o lle n  g ra in
The p o lle n  g ra in  o f  a n g io sp e rm s  i s  e i th e r  b in u c le a te  (su c h  a s  
in  d e c id u o u s  t r e e  f ru its )  a n d  t r in u c le a te  (su c h  a s  in  co rn ) a t  th e  tim e  
o f a n t h e s i s .  The b in u c le a te  g ra in  c o n ta in s  th e  g e n e ra tiv e  n u c le u s  
(w hich u p o n  d iv is io n  in  th e  tu b e  r e s u l ts  in  2 sperm  c e l ls )  an d  th e  
v e g e ta t iv e  n u c le u s  (the  tu b e  n u c le u s ) .  The t r in u c le a te  g r a in , on 
th e  o th e r  h a n d , c o n ta in s  th e  v e g e ta t iv e  n u c le u s  an d  th e  2 m ale  
g a m e te s ,  o r sperm  c e l l s — th e  g e n e ra tiv e  n u c le u s  h av in g  d iv id e d  
p rio r to  g e rm in a tio n  of th e  p o lle n  g ra in  (7 ) . H ib is c u s  p o lle n  i s  b i ­
n u c le a te  1 2 2 ) .
The s tru c tu re  o f th e  p o lle n  g ra in  i s  s im ila r  am ong c lo s e ly  r e ­
la te d  g ro u p s  o f p la n ts  (1 7 ). G erm  pore  p lu g s  a re  p re s e n t  in  h ib is c u s  
p o l le n ,  a n d  i t  i s  a p p a re n t  th a t  e x in e  s p in e s  an d  g e rm -p o re  p lu g s  
in i t i a te  w h ile  th e  c e l l  i s  s t i l l  w ith in  th e  te t r a d  s ta g e  o f d ev e lo p m en t
(2 1 ). H ib is c u s  p o lle n  g ra in s  a t  a n th e s is  a re  c o v e re d  w ith  a  g o ld en  
o i l - l ik e  s u b s ta n c e ,  w h ic h  i s  so lu b le  in  x y le n e ,  b u t no t in  95 p e rc e n t 
e th a n o l (2 2 ). T h is  " s t ic k y "  s u b s ta n c e ,  know n a s  " v i s c i n " ^  i s  m ost
^The te rm  " p o lle n  g ra in "  w il l  b e  u s e d  in  p re fe re n c e  to  th e  m or­
p h o lo g ic a l  d e s ig n a t io n  of " m ic ro s p o re ."  T h is  w i l l  b e  a  c o n v e n ie n c e  
bo th  to  th e  r e a d e r  an d  th e  a u th o r  in  v iew  of th e  num erous re fe re n c e s  
m ade to  t h i s  s t ru c tu re  th ro u g h o u t th e  t e x t .
^The te rm  " v is c in "  w il l  b e  u s e d  for th e  " s t ic k y "  s u b s ta n c e  found 
o n  h ib is c u s  p o l le n .  T h is  te rm  i s  d e s c r ib e d  by  M e e u se  (37) . . " w e  s e e  
th a t  la rg e r  g ro u p s  o f p o l le n  a re  c o n n e c te d  by  s t ic k y  th re a d s  o r e v e n  
n e ts  o f g lu e y  m a te r ia l  th a t  i s  u s u a l ly  re fe r re d  to  a s  •v isc in* ' b e c a u s e  
i t  i s  a  g lu e y  m a te r ia l  so  s im ila r  to  b ird lim e  p re p a re d  from th e  b e r r ie s  
o f m is t l e to e ."
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lik e ly  p re s e n t  b e n e a th  th e  e x in e  su r fa c e  o f th e  g ra in  in  s u tu re s  o r 
p o re s  (4 2 ).
8 . O n in  v itro  p o lle n  g e rm in a tio n
The d ev e lo p m en t o f p o lle n  tu b e s  in  a s a tu ra te d  a tm o sp h e re  w a s  
n o te d  by  Von M ohl in  1834 a c c o rd in g  to  Joh ri a n d  V a s il (2 5 ) . As e a r ly  
a s  1849 S c h le id e n  (4 9 ), re p o r te d  th e  g e rm in a tio n  o f p o lle n  g ra in s  in  
a n  a r t i f ic ia l  a tm o s p h e re . In  1889 C o rre n s  (a s  c i te d  by  Brink -  8 ) ,  
found  th a t  som e p o lle n  w o u ld  g e rm in a te  in  w a te r .
The w a ll  of th e  p o lle n  tu b e  i s  know n to  c o n s i s t  o f c e l lu lo s e  
and  p e c t ic  m a te r ia ls  (58) w h ile  tu b e s  of c e r ta in  s p e c ie s  o f H ib is c u s  
h a v e  b e e n  found to  c o n ta in  s ta rc h  g ra in s  w h e n  s ta in e d  w ith  io d in e
(4 7 ). The le n g th  of th e  p o lle n  tu b e  v a r ie s  w ith  th e  s p e c ie s  an d  w ith  
th e  e n v iro n m e n t. A ccord ing  to  Brink (10) som e p o lle n  tu b e s  w il l  
grow  lo n g e r  in  a n  a r t i f ic ia l  m edium  th a n  i s  n e c e s s a ry  to  t r a n s v e r s e  
th e  s p e c i f ic  ty p e  o f p i s t i l .
A ccord ing  to  V is s e r  (61) th e  p rim ary  fu n c tio n  of th e  a r t i f ic ia l  
m edium  i s  to  su p p ly  o n ly  w a te r  to  th e  p o lle n  g r a in s ,  bu t Brink (8 ) 
s a y s  th a t  p o l le n  g e rm in a tio n  a n d  tu b e  g ro w th  a re  r e la te d  to  th e  
o sm o tic  p ro p e r t ie s  o f th e  m ed ium . K raus (3 1 ), in  1916 re p o rte d  
good  p o lle n  g e rm in a tio n  of a p p le  o n  a 0 .5  to  2 .0  p e rc e n t g e la t in  
m ed ium . A gar i s  u s e d  e x te n s iv e ly  a s  a  m edium  b a s e  a n d  a c c o rd in g  
to  B eck a n d  Jo ly  (4) i s  s u p e r io r  to  g e la t in ,  w ith  sh re d d e d  a g a r  b e in g
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su p e rio r  to  th e  co m m erc ia l g round  a g a r .  King an d  Jo h n s to n  (29) h av e  
re p o rte d  USP #1 sh re d d e d  a g a r  a s  b e in g  su p e rio r  to  s e v e ra l  b ra n d s  o f 
co m m erc ia l g round  a g a r .  For th e  g e rm in a tio n  o f I r ish  p o ta to  p o lle n  
in  v i t r o . a  c o n c e n tra tio n  of 0 .2 5  to  2 .0  p e rc e n t a g a r  h a s  b e e n  found 
s u c c e s s f u l  f o r a  m edium  (4 , 2 9 ).
Kraus (31) found th a t  p o l le n  g ra in s  b u rs t  w h e n  p la c e d  in  pure  
s u g a r .  Som e p o lle n s  do  no t se em  to  n e e d  e x te rn a l  n u tr ie n ts  for 
g e rm in a tio n  w h e re a s  o th e rs  d o . A ccord ing  to  V isse r  (61) " th e s e  
n u tr ie n ts ,  su c h  a s  c e r ta in  su g a rs  a re  th o u g h t to  c o n tro l th e  d if fu s io n  
r a te  o f w a te r  in  th e  in i t ia t io n  of g e rm in a tio n  an d  i t  i s  l ik e ly  th a t  m o st 
p o l le n s  may re c e iv e  from w ith in ,  th e  n e c e s s a ry  n u tr ie n ts  for tu b e  
g ro w th . ' 1 A lthough  Brink (9) th in k s  th a t  su g a r  in  th e  m edium  i s  u se d  
in  th e  m e tab o lism  of p o lle n  g e rm in a tio n . M any d if fe re n t su g a rs  h a v e  
b e e n  u s e d  in  th e  p re p a ra tio n  o f a r t i f ic ia l  m edium  for p o lle n  g e rm in a ­
tio n ; su c h  a s  d e x tro s e ,  g e la c to s e ,  l e v u lo s e ,  s u c ro s e  an d  x y lo s e  
(1 8 , 2 8 ). For m any a n g io sp e rm  p o l le n s ,  s u c ro s e  h a s  b e e n  found  to  
b e  n e ed e d  in  p ro p o rtio n s  a s  h ig h  a s  30 a n d  40 p e rc e n t (7 ) . L ilium  
p o lle n  g e rm in a te s  b e s t  in  an  a r t i f ic ia l  m edium  w ith  5 to  10 p e rc e n t 
s u c r o s e ,  w h ile  th e  h ig h e s t  p e rc e n ta g e  of I r is h  p o ta to  p o lle n  g e rm in a ­
t io n  i s  in  14 to  16 p e rc e n t  s u c ro s e  (2 9 ).
9 .  O n th e  e f fe c t  o f a d d it iv e s  in  th e  a r t i f ic i a l  
m edium  o n  p o lle n  g e rm in a tio n
The e f fe c t  on  in  v itro  p o lle n  g e rm in a tio n  of v a r io u s  g ro w th
s u b s ta n c e s  h a s  b e e n  a s u b je c t  for c o n s id e ra b le  r e s e a rc h  in  re c e n t  
y e a r s — p a r t ic u la r ly  w ith  bo ron  (3 , 19 , 5 6 , 6 0 ) . S chm ucker (50) 
d is c o v e re d  in  1935 th a t  b o ron  a t  th e  ra te  o f 20 to  30 ppm s tim u la te d  
p o lle n  g e rm in a tio n . Four y e a rs  l a te r  B laha an d  S chm id t (5) found 
th a t  a p p lic a t io n  of 0 .0 0 5  p e rc e n t o f b o ron  r e s u l te d  in  in c re a s e d  
g e rm in a tio n  of p o lle n s  o f sw e e t a n d  so u r c h e r r ie s  an d  p e a r s .  V a rie ta l 
d if fe re n c e s  w e re  a ls o  found  in  th e  r e s p o n s e  of c h e rry  p o lle n  to  b o ro n , 
s in c e  b o ron  a d d e d  to  th e  m edium  s t im u la te d  g e rm in a tio n  of som e 
v a r ie t ie s  and  in h ib ite d  g e rm in a tio n  of o th e r  v a r ie t i e s  (5 ) . C u rtis  
an d  D u n can  (13) found th a t  w ith  o n e  h y b rid  o f P h a e la e n o p s is  a  le v e l  
o f 1 ppm o f bo ron  w a s  in h ib ito ry  to  th e  g e rm in a tio n  o f th e  p o l le n ,  
w h ile  h ig h e r c o n c e n tra tio n s  w e re  b e n e f ic ia l  to  o th e r  s p e c i e s .  V aras 
(59) re p o rte d  th a t  bo ron  a t  th e  ra te  of 50 to  100 ppm in h ib i te d  g e rm in a ­
t io n  o f c a c a o  p o l le n , bu t th a t  lo w e r le v e ls  w e re  n o t in h ib i to ry . G au ch  
an d  D ugger (19) re p o rte d  boron  to  be  e s s e n t ia l  for th e  in  v itro  p o lle n  
g e rm in a tio n  of th e  F ilb e r t  n u t ,  d e c id u o u s  t r e e  f r u i t s ,  p a p a y a ,  g ra p e ,  
to m a to , o rc h id , p in e ,  g in k o , a n d  th e  t ro p ic a l  w a te r  l i l y .  The a d d it io n  
o f o th e r  e le m e n ts  su c h  a s :  c a lc iu m , c o p p e r ,  io d in e ,  m a n g a n e s e , 
ra d iu m , u ran iu m , an d  z in c  a re  s a id  to  h a v e  som e s t im u la tin g  p ro p e r­
t i e s  on  in  v itro  g e rm in a tio n , w h ile  e le m e n ts  su c h  a s :  b a riu m , i ro n , 
n i tro g e n , p h o sp h o ro u s , p o ta s s iu m  an d  s tro n tiu m  w e re  s a id  to  h a v e  
l i t t l e  o r no e f fe c t  o n  g e rm in a tio n  (6 , 7 ,  1 8 , 3 3 , 6 5 ).
I n te r e s t  in  th e  p re s e n c e  o f so  c a l le d  "g row th  s u b s ta n c e s "  d a te s
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b a c k  to  W ild e r s ’ (63) th e o ry  in  1901 . He s ta te d  th a t  s p a r s e ly  
p o p u la te d  y e a s t  c o lo n ie s  fa i le d  to  grow  b e c a u s e  th e y  la c k e d  s u f ­
f ic ie n t  n a tu ra l  o c cu rrin g  g row th  prom oting  s u b s ta n c e s  in  th e  c o lo n ie s  
for g ro w th . I t w a s  n e c e s s a ry  to  in tro d u c e  a  s u f f ic ie n t  num ber of 
y e a s t  c e l l s  in  a  co lo n y  to  s t im u la te  norm al g ro w th . In  1940 S a v e ll i
(48) re p o r te d  in c r e a s e d  p o lle n  g e rm in a tio n  w a s  a s s o c ia t e d  w ith  a n  
in c re a s e d  p o p u la tio n  of p o l le n  in  th e  c u l tu r e .  S im ila rly  B eck (4) 
sh o w ed  th a t  c u ltu re s  o f 4 to  8  p o lle n  g ra in s  d id  no t g e rm in a te  a s  
w e ll  a s  c u ltu re s  o f 40 to  100 p o lle n  g r a in s .  L a ib ach  (32) in  1933 
found th a t  g row th  p rom oting  s u b s ta n c e s  a re  not p re s e n t  in  th e  p o lle n  
g ra in ,  b u t ra th e r  in  th e  "ce m en t"  th a t  b in d s  th e  t e t r a d .  In  1943 
Y asuda  (64) sh o w ed  th a t  d if fu s a b le  s u b s ta n c e s  (c a l le d  a u x in s )  in  
th e  v i s c in  a ro u n d  th e  p o lle n  g ra in s  w a s  re s p o n s ib le  for th e  g row th  
an d  d e v e lo p m e n t o f f r u i t ,  an d  T him ann an d  B onner (55) sh o w ed  th a t  
m a s s e s  o f  p o lle n  w i l l  c a u s e  g row th  an d  sw e llin g  o f f r u i t .  E ther 
e x tr a c ts  o f g row th  in h ib it in g  s u b s ta n c e s  h av e  b e e n  m ade from p in e  
(54) a n d  h a s  b e e n  show n  to  in h ib it  g row th  a n d  p ro to p la sm ic  s tre a m ­
in g  of th e  p o l le n  t u b e .
The a d d it io n  of in d o le - a c e t i c - a c id  (IAA), an d  c o lc h ic in e  to  th e  
c u ltu re  m edium  h a v e  sh o w n  g row th  s t im u la tio n  o f p o l le n  (3 3 , 5 1 ) .
IAA a t  th e  ra te  o f 1 ppm in  th e  a r t i f ic i a l  m edium  s tim u la te d  p o lle n  
g e rm in a tio n  w h ile  5 ppm re ta rd e d  i t ,  and  10 ppm  p re v e n te d  p o lle n  
g e rm in a tio n  e n t i r e ly .  V itam in  B j h ad  a ls o  show n  g ro w th  s t im u la tio n
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p ro p e r tie s  w ith  p o lle n  w h e n  a d d e d  to  th e  c u ltu re  (5 1 ). O ne of th e  
l a t e s t  g row th  prom oting  s u b s ta n c e s  to  be  u s e d  in  c u ltu re  m edium  is  
g ib b e re ll ic  a c id  (GA). Kato (27) in  1955 sh o w ed  th a t  GA in  th e  
c u ltu re  in c r e a s e d  th e  le n g th  o f p o lle n  tu b e s  in  L ilium  lo n q lf lo ru m .
Up to  50 ppm of GA a d d e d  to  th e  c u ltu re  s t im u la te d  p o lle n  g e rm in a tio n , 
w h ile  1 0 0  to  2 0 0  ppm  in h ib i te d  p o lle n  g e rm in a tio n  o f th is  s p e c i e s .
In  1957 C h a n d le r  (12) re p o rte d  th a t  p o lle n  from  5 d iffe re n t p la n ts  
w ere  no t s t im u la te d  to  g e rm in a te  by  th e  a d d it io n  of 31 to  100 ppm 
o f GA to  th e  m ed ium , w h ile  th e  p o l le n s  o f 10 d if fe re n t p la n ts  w ere  
e i th e r  in h ib i te d  in  g e rm in a tio n  or sh o w ed  d e fo rm itie s  o f p o l le n  tu b e s  
upon  th e  a d d it io n  o f GA to  th e  m ed ium . O n th e  o th e r  h a n d , p o lle n  
from 7 d iffe re n t s p e c ie s  h ad  in c r e a s e d  tu b e  g row th  upon th e  a d d it io n  
o f GA. V aras (59) re p o rte d  th a t  50 to  100 ppm of GA in h ib i te d  in  v itro  
g e rm in a tio n  of c a c a o  p o lle n  w h ile  lo w er c o n c e n tra t io n s  d id  n o t .
10 . O n th e  e f fe c t  o f p H o f th e  m edium  on  p o lle n  g e rm in a tio n
The e ffe c t  o f pH o f th e  c u ltu re  m edium  on  p o lle n  g e rm in a tio n  
h a s  r e c e iv e d  th e  a t te n t io n  of s e v e ra l  in v e s t ig a to r s  (9 , 1 1 , 2 6 , 2 9 ) .
For ex am p le : King a n d  Jo h n s to n  (2 9 ), w ho w orked  w ith  a  pH  ran g e  o f 
2 .0  to  8 . 3 ,  rep o rte d  a n  optim um  pH o f  5 .2  for th e  in  v itro  g e rm in a tio n  
o f I r is h  p o ta to  p o l le n ,  w h ile  Brink (11) h a d  th e  h ig h e s t  p e rc e n ta g e  o f 
g e rm in a tio n  of sw e e t p e a  p o lle n  a t  a  pH o f 7 . 0 .
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1 1 . On th e  e f fe c t  o f te m p e ra tu re  on  in  v itro  p o lle n  g e rm in a tio n
S e v e ra l  in v e s t ig a to r s  h av e  w o rk ed  w ith  th e  in f lu e n c e  of te m p e ra ­
tu re  o n  p o lle n  g e rm in a tio n  (2 5 , 2 9 , 4 6 ) . A ccord ing  to  Berg (as  c i te d  
by Joh ri a n d  V a sil -  25) optim um  te m p e ra tu re  for th e  g e rm in a tio n  of 
"m o st"  p o l le n s  i s  6 8 ° F .  to  8 6 ° F .  King an d  Jo h n s to n  (29) rep o rt th a t  
a  te m p e ra tu re  o f 6 0 °F . to  7 0 °F . i s  b e s t  for th e  in  v itro  g e rm in a tio n  of 
I r is h  p o ta to  p o l le n ,  w ith  a n  80 to  100 p e rc e n t r e la t iv e  h u m id ity .
12 . O n p o lle n  v ia b i l i ty  te s t in g
The g e rm in a tio n  of p o l le n  in  v itro  h a s  b e e n  u s e d  a s  a n  in d ic a ­
t io n  o f v ia b i l i ty .  E a s t a n d  Park (16) in  1918 sh o w ed  a n  a p p a re n t 
c lo s  e r e la t io n s h ip  b e tw e e n  p o lle n  g e rm in a tio n  in  v itro  an d  p o lle n  
v ia b i l i ty .  The r e l ia b i l i ty  o f th is  m ethod  o f  te s t in g  for to ta l  v ia b i l i ty  
o f a  p o lle n  sa m p le  h a s  b e e n  q u e s t io n e d  (3 0 ). H o w ev e r, i t  i s  th e  b e s t  
in d ic a to r  o f p o lle n  v ia b i l i ty  know n a t  th e  p re s e n t  t im e .
An e a r ly  m ethod of te s t in g  p o lle n  v ia b i l i ty  w a s  th e  a c e to -  
ca rm in e  s ta in  t e s t  (38 , 4 3 , 4 5 ) . T h is t e s t  i s  b a s e d  on  th e  id e a  th a t  
th e  s ta in in g  o f th e  p ro to p la sm  o f  th e  g ra in  i s  a n  in d ic a t io n  o f th e  
p o l le n 's  v i a b i l i ty .  H ow ever th i s  h a s  a ls o  b e e n  q u e s t io n e d ((30).
King (30) d e s c r ib e s  th e  p e ro x id a s e  t e s t  for v ia b i l i ty ;  w h ic h  i s  
a n  enzym e re a c t io n  t e s t .  T h is t e s t  i s  b a s e d  on  th e  o x id a tio n  o f b e n z i ­
d in e  by th e  en zy m e  in  th e  p re s e n c e  o f h y d ro g en  p e ro x id e . T h is i s  a
r e c e n t  m ethod  a n d  a s  y e t  h a s  no t b e e n  t r ie d  w ith  a  w id e  ra n g e  o f 
p o l l e n s .
METHODS AND MATERIALS
The a p p ro a c h  to  th e  p rob lem  of th e  fa i lu re  o f C h in e s e  h ib is c u s  
to  s e t  s e e d  in  th e  f ie ld  during  th e  sum m er m onths in  L o u is ia n a  w a s  
d iv id e d  in to  th re e  g e n e ra l  a re a s  a s  fo llo w s : I .  G re e n h o u se  I n v e s t i ­
g a t io n s ,  I I .  P o lle n  I n v e s t ig a t io n s ,  an d  I I I .  F ie ld  In v e s t ig a t io n s ,  
a l l  o f w h ic h  w e re  c a r r ie d  ou t du ring  th e  p e rio d  from N ovem ber 1,
1962 to  F eb ruary  1 , 1964 .
I .  G re e n h o u se  In v e s t ig a tio n s
T h ese  c o n s is te d  of t e s t s  on : p h o to p e r io d is m , c o m p a tib i l i ty . 
optim um  tim e  of d ay  for p o l l in a t io n , an d  p o lle n  tu b e  p e n e tr a t io n .
1 . The f i r s t  s e a s o n
Two p la n ts  e a c h  o f th e  fo llo w in g  v a r ie t ie s  o f four s p e c ie s  an d  
h y b rid s  w ere  t r a n s p la n te d  from th e  f ie ld  in to  m e ta l tu b s  a n d  p la c e d  
in  th e  g re e n h o u se  du ring  th e  m onth o f S e p te m b e r , 1 9 62 .
H ib is c u s  r o s a - s i n e n s i s :
a) "Kona"
b) "Red S h e e n "
c) "Y ellow  G ia n t"
d) "V eron ica"
e) " IS U  S e e d lin g "
H ib is c u s  s c h iz o p e ta lu s :
a) "S c h iz o p e ta lu  s "
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H . r o s a - s in e n s i s  x  H_. s c h iz o p e ta lu s :
a) "P sy c h e "
H ib is c u s  s v r ia c u s
a) "A lba"
b) "P in k -D e lig h t"
c) " C o llie  M u llin s"
T h ese  p la n t s ,  in  th e ir  c o n ta in e r s ,  w e re  p la c e d  on  a  la y e r  of 
g ra v e l  a t  g round  le v e l  an d  g row n a t  a  n igh t te m p e ra tu re  of 7 0 °F .
N orm al g re e n h o u se  w a te r in g , f e r t i l iz in g ,  an d  sp ray in g  p r a c t ic e s  w ere  
e m p lo y e d .
A . O n p h o to p e rio d ism : The p la n ts  w e re  g row n u n d e r tw o  p h o to ­
p e rio d s  for th e  d e te rm in a tio n  of th e  e f fe c t  o f d a y le n g th  on  f lo w e r in g . 
O ne p la n t o f e a c h  v a r ie ty  w a s  grow n u n d er a  12 hour p h o to p e rio d  and  
th e  o th e r  u n d er a 16 hour p h o to p e r io d .
A ll p la n ts  grow n u n der th e  12 hour d a y le n g th  w ere  c o v e re d  w ith  
b la c k  s a te e n  c lo th  a t  6 P M , an d  u n c o v e re d  a t 6 AM e a c h  day  for a 
p e rio d  o f 135 d a y s .  T hose  u n d er th e  "loncf d a y le n g th  w e re  l ig h te d  
s u f f ic ie n t  h o u rs  w ith  in c o n d e s c e n t  l ig h t ,  s ta r tin g  a t s u n s e t ,  to  s im u ­
la t e  a 16 hour d a y . The in te n s i ty  o f l ig h t  a t  g round  le v e l  w a s  a p p ro x i­
m ate ly  2 0  f o o tc a n d le s .
The num ber o f f lo w ers  p e r v a r ie ty  p ro d u ced  u n d er e a c h  d a y le n g th  
w a s  re c o rd e d , a s  w a s  th e  r e la t iv e  v ig o r o f th e  p la n t .
B. O n c o m p a tib ili ty :  D uring th e  f i r s t  s e a s o n ,  590 c ro s s  p o l l i ­
n a tio n s  w e re  m ade in  th e  g re e n h o u se  am ong th e  t e s t  p l a n t s , r e s u l t in g  
in  a  to ta l  o f 100 d if fe re n t c o m b in a t io n s . Som e o f th e  p o l l in a tio n s  w ere
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m ade more f re q u e n tly  th a n  o th e r s  b e c a u s e  of d if fe re n c e s  in  th e  num ber 
o f b loom s p ro d u ce d  by  th e  p la n ts  a t  any  one  t im e .
F lo w ers  to  b e  u s e d  in  th e  p o l l in a tio n s  w e re  s e le c te d  p rio r  to  
o p e n in g , a t  w h ic h  tim e  th e  p e ta ls  w e re  rem o v e d . T h is i s  com m only 
done  to  re d u c e  th e  p o s s ib i l i ty  of in s e c t  p o l l in a t io n .  E m a sc u la tio n  
w a s  no t p r a c t ic e d ,  s in c e  n a tu ra l  s e lf in g  in  m ost v a r ie t ie s  i s  know n 
to  b e  r a r e .  A ll p o l l in a tio n s  w e re  m ade b e tw e e n  10 a n d  11 A M .
2 . The s e c o n d  s e a s o n
In  S e p tem b er o f 1 963 , 6 p la n ts  o f "Y ellow  G ia n t"  an d  12 p la n ts  
o f "Red S h e e n "  w ere  t r a n s p la n te d  from th e  f i e ld ,  w h e re  th e y  h ad  b e e n  
g row ing  a l l  sum m er, in to  a g round  b ed  c o n ta in in g  a s i l t  loam  and  
G erm an  p e a t  m o ss m ix tu re . A n ig h t te m p e ra tu re  of 7 0 ° F . w a s  m a in ­
ta in e d  in  th e  g re e n h o u se  w ith  no rm al w a te r in g , f e r t i l iz in g ,  an d  
sp ra y in g  b e in g  e m p lo y e d .
A . O n optim um  tim e  o f d a y  fo r p o llin a tio n : P o l l in a t io n s ,  u s in g  
th e  c ro s s  "Red S h e e n "  X "Y ellow  G ia n t , "  w ere  m ade a t  30 m inute  
in te rv a ls  b e tw e e n  9 :30  AM an d  4 :3 0  P M . P o ll in a t io n s  w e re  a l s o  m ade 
a t  9 :30  AM o n  th e  s e c o n d  d ay  a f te r  "Red S h e e n "  flo w ers  h a d  o p e n e d , 
u s in g  p o lle n  from  a f re s h ly  o p e n e d  "Y ellow  G ia n t"  f lo w e r .
T hree p o ll in a tio n s  w e re  c o n s id e re d  a p o l l in a tio n  " u n i t , "  w h ic h  
w a s  r e p l ic a te d  5 t im e s ,  w ith  e a c h  re p l ic a t io n  b e in g  m ade on  a  d iffe re n t 
d ay  from O c to b e r  th ro u g h  N ovem ber o f 1963 . The a v e ra g e  num ber o f  
fru it s e t  p e r  u n it w a s  r e c o rd e d .
17
B . O n p o lle n  tu b e  p e n e tra t io n :  The c ro s s  "Red S h e e n "  X 
Y ellow  G ia n t"  w a s  a g a in  u s e d  for p o l l in a tio n s  m ade for th e  p u rp o se  
of d e te rm in in g  th e  tim e  la p s e  b e tw e e n  p o ll in a tio n  an d  p o lle n  tu b e  
p e n e tra t io n .
P o ll in a t io n s  w e re  m ade a t  9 :3 0  AM a f te r  w h ich  t im e , a t  30 
m inute in te r v a ls  u n t i l  7 :30  P M , f iv e  s ty le s  w e re  s e v e re d  a t  th e ir  
b a s e s .  P o lle n  tu b e s  h a s  th u s  h ad  p o te n t ia l  p e r io d s  of g ro w th , 
ran g in g  from 30 m in u te s  to  10 h o u rs .
I I .  P o lle n  In v e s t ig a tio n s
T h ese  c o v e re d : 1) th e  e f fe c t  o n  in  v itro  p o lle n  g e rm in a tio n  of 
v a r ia t io n s  in  th e  a r t i f ic i a l  e n v iro n m e n t. an d  2 ) in  v itro  q e rm in a b ility  
o f w in te r  a n d  su m m er-p ro d u c ed  p o l le n .  P o lle n  from  "Y ellow  G ia n t"  
w a s  u s e d  e x c e p t  w h e re  o th e rw is e  s t a t e d .
1 * The e f f e c t  o n  in  v itro  p o lle n  g e rm in a tio n  o f v a r ia t io n s  
in  th e  a r t i f ic i a l  en v iro n m en t
In  th e  fo llo w in g  t e s t s ,  u n d e r "A" to  " G " , in c lu s iv e ,  th e  c u ltu re  
m ed ia  w e re  p la te d  in  50 mm P e tr i d i s h e s ,  e a c h  s e t  o f c u ltu re s  b e in g  
m ade w ith  f re s h  m ed ium .
A ll t re a tm e n ts  w e re  r e p l ic a te d  5 t im e s , e a c h  r e p l ic a t io n  b e in g  
p la te d  on  d if fe re n t  d a y s .  The v is c in  c o v e re d  p o lle n  g ra in s  h a d  to  be  
t e a s e d  o v e r ,  b u t no t b u r ie d  i n ,  th e  m edium  w ith  a  n e e d le  u n d e r a 
s t e r e o s c o p e .
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Prelim inary  hourly  o b se rv a tio n s  of C h in ese  h ib is c u s  p o lle n , 
over an  8 hour p e rio d , in d ic a te d  th a t  a p e riod  of app rox im ate ly  3 to  
4 hours a t room tem pera tu re  w a s  su ff ic ie n t tim e for maximum germ ina­
t io n .
The p e rcen t p o lle n  germ ina tion  w as b a se d  on th e  to ta l  num ber 
o f ge rm inated  and n o n -g erm in a ted  p o lle n , w h ich  w as reco rded  on  
hand c o u n te rs . G ra in s  w ith in  a f ie ld  of v is io n  a t  24 X m ag n ifica tio n  
w ere  co u n ted  (burst g ra in s  e x c e p te d ) , w ith  th e  f ie ld  o f v is io n  being  
m oved u n til th e  com bined num ber of g ra in s  co u n ted  w a s  a t  le a s t  150.
T e s ts  for s ta in in g  w ere  ca rr ied  o u t w ith  se v e ra l s ta in s  s in c e  
c u ltu red  p o lle n  g ra in s ,  e s p e c ia l ly  w hen g e rm in a te d , had  to  be 
s ta in e d  to  f a c i l i ta te  c o u n tin g . T hese  s ta in s  in c lu d ed  a 1 p e rcen t 
aq u eo u s so lu tio n  each  of: S a fran in  A , Janus G re e n , C o tto n  B lue, 
and  C ry s ta l V io le t. The so lu tio n  of C ry s ta l  V io le t, d ilu te d  in  250 
p a rts  of 95 p e rcen t e th a n o l gave  th e  d e s ire d  s ta in  e ffe c t w hen u se d  
a s  a w a sh  over th e  cu ltu re  a f te r  th e  p o llen  had  g e rm in a ted .
A . On p o lle n  g e rm in a tio n  in  d is t i l le d  w a te r: P o llen  w as sow n 
on a sh a llo w  la y e r  of d is t i l le d  w a te r  w h ich  w as m ain ta in ed  a t room 
tem pera tu re  for app rox im ate ly  8 h o u rs .
B. On a q a r - s u c ro s e  c o n te n t of medium: USP #1 sh red d ed  ag ar 
and su c ro se  w ere  u s e d . The p e rc e n ta g e s  o f ag ar and su c ro se  in  each  
medium w ere  b a se d  on th e  volum e of d is t i l le d  w a te r .  For ex am p le ,
an  approxim ate  10  p e rc en t su c ro se  and 1 p e rc e n t a g a r medium c o n s is te d
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o f 1 0  ml of d is t i l l e d  w a te r ,  1 0  g ram s of s u c ro s e  an d  1 gram  o f  a g a r .
The a g a r  w a s  d is s o lv e d  s lo w ly  in  b o ilin g  w a te r ,  and  th e  s u c ro s e
a d d e d  a f te r  th e  a g a r  s o lu t io n  h ad  c o o le d  s l ig h t ly .
T e s ts  1 , 2 a n d  3 show  th e  p e rc e n ta g e s  o f a g a r  an d  s u c ro s e  u se d  
in  th e  30 t r e a tm e n ts .
T es t 1:
P e rc e n t P e rc e n t
















T es t 2;
P e rc e n t P e rc e n t












T e s t 3:
P e rc e n t
agar_
P e rc e n t
















C . O n th e  ty p e s  o f a g a r  u s e d  in  th e  m edium : A m edium  of 
1 p e rc e n t a g a r  (of th e  ty p e s  l i s t e d  b e lo w ), an d  40 p e rc e n t s u c ro s e  
w a s  u s e d  for th e  fo llow ing  t r e a tm e n ts . 4
Type of a g a r  in  
e a c h  tre a tm e n t
a) N one
b) N o b le 's  S p e c ia l
c) USP #1 sh re d d e d
d) B a c to -a g a r______
D . O n th e  ty p e  o f su g a r  u s e d  in  th e  m edium : A m edium  o f 
1 p e rc e n t USP #1 sh re d d e d  a g a r ,  an d  40 p e rc e n t su g a r  (of th e  ty p e s  
l i s t e d  b e lo w ), w a s  u s e d  for th e  fo llow ing  t r e a tm e n ts . 4
4R e su lts  o f th e  t e s t s  d e s c r ib e d  in  S e c tio n  I I - IB  in d ic a te d  th a t  
a  40 p e rc e n t su g a r  an d  1 p e rc e n t a g a r  m edium  w a s  optim um  fo r 
h ib is c u s  p o lle n  g e rm in a tio n . S e e  a ls o  RESULTS AND D ISCU SSIO N , 
p .  4 1 .
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Type of su g a r  in  
e a c h  tre a tm e n t
a ) N one
b) L ev u lo se
c) L a c to se
d) S u c ro se
e l D e x tro se _____
E . O n S u p p lem en ta ry  a d d itio n s  to  th e  m edium : In  th e  fo llo w in g  
t e s t s  a  m edium  o f 1 p e rc e n t USP #1 sh re d d e d  a g a r  and  40 p e rc e n t 
s u c ro s e  w a s  u s e d .  The a d d it iv e s  w ere  in c o rp o ra te d  in to  th e  m edium  
a t  th e  r a te s  l i s t e d  b e lo w ;
T e s t 1





e l 50 ppm_______
T e s t  2





e l 50 ppm________
T es t 3




d) 25 ppm  
________e l 50 ppm___________
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T e s t 4






T e s t 5






T e s t  6





 e) 50 ppm__________
G ib b e re l l ic  a c id  fa s  C o m m erc ia l "G ib re l" )




. ?) 50  ppm
F . O n th e  h y d ro g en  io n  c o n c e n tra t io n  o f th e  m edium : The pH o f 
th e  m edium  (1 p e rc e n t USP #1 sh re d d e d  a g a r  a n d  40  p e rc e n t  s u c ro s e )  
w a s  m o d ified  by a d ju s tin g  (w ith  h y d ro c h lo r ic  a c id  an d  so d iu m  h y d ro x id e) 
th e  pH o f th e  d i s t i l l e d  w a te r  u s e d  in  th e  p re p a ra tio n  o f  e a c h  m ed iu m .
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The pH o f th e  d i s t i l l e d  w a te r  w a s  t e s te d  p rio r to  th e  a d ju s tm e n t. 
T h ese  t e s t s  c o n s is te d  of th e  fo llo w in g .
T e s t 1










_____________ i) 6 .5 _______________
T e s t 2
p H o f  m edium  a d ju s te d  w ith  NaOH









________________1)  1 1 .5 ____________________
G . O n th e  e f fe c t  o f te m p e ra tu re  on  in  v itro  p o lle n  g e rm in a tio n : 
P o lle n  from  th e  v a r ie ty  "Y ellow  G ia n t"  w a s  o b s e rv e d  for g e rm in a tio n  
a t  th e  fo llo w in g  F a h re n h e it te m p e ra tu re s :  35°,  4 0 ° ,  4 5 ° ,  5 0 ° ,  5 5 ° ,  
6 0 ° ,  6 5 ° ,  7 0 ° ,  7 5 ° ,  8 0 ° ,  8 5 ° ,  9 0 ° ,  9 5 ° ,  1 0 0 ° , 1 0 5 ° # 1 1 0 ° , 1 1 5 ° , 
a n d  1 2 0 ° . A m edium  o f 1 p e rc e n t USP #1 a g a r  an d  40 p e rc e n t s u c ro s e  
w a s  u s e d .
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2 .  In  v itro  q e rm in a b ility  o f w in te r  a n d  sum m er p ro d u ce d  p o lle n
G e rm in a tio n  t e s t s  w e re  c a r r ie d  ou t on p o lle n  p ro d u c e d  du ring  
th e  w in te r  in  th e  g re e n h o u se  (D ecem ber#  1962) a n d  o n  p o lle n  p ro d u ced  
in  th e  f ie ld  in  th e  sum m er (Ju ly , 19 6 3 ), u s in g  a  m edium  of 1 p e rc e n t 
USP #1 sh re d d e d  a g a r  an d  40 p e rc e n t s u c r o s e .
A . On w in te r  p ro d u ce d  p o lle n : P o lle n  from th e  10 v a r ie t ie s  o f 
h ib is c u s  g row n  in  th e  g re e n h o u se  w a s  o b se rv e d  fo r in  v itro  q e rm in a -  
t io n  a f te r  a  p e rio d  o f 4 h o u rs  a t  room  te m p e ra tu re .
B . O n sum m er p ro d u ced  p o lle n : P o lle n  from  a l l  t e s t  v a r i e t i e s ,  
e x c e p t th e  n o n -su m m er b loom ing  " S c h iz o p e ta lu s "  w a s  o b s e rv e d  for 
in  v i t r a g e rm in a tio n  a f te r  a p e rio d  o f 4 h o u rs  a t  room  te m p e ra tu re .
A lso , from la te  Ju ly  to  l a t e  O c to b e r , o b s e rv a t io n s  w e re  m ade 
w e e k ly  on th e  in  v itro  g e rm in a tio n  of "Y ellow  G ia n t"  p o l le n .  T h e se  
o b s e rv a t io n s  w e re  m ade n o t on ly  a t  room  te m p e ra tu re  b u t a l s o  a t 
g e rm in a tin g  te m p e ra tu re s  o f 6 5 °F . a n d  7 5 °F .
H I. F ie ld  In v e s t ig a t io n s
The p o llin a tio n  te c h n iq u e  w a s  th e  sam e a s  l i s t e d  under 
S e c tio n  X (G re en h o u se  In v e s t ig a tio n s )  o f METHODS AND MATERIAI3. 
A ll p o l l in a tio n s  w e re  m ade du rin g  th e  m onths o f Ju ly  an d  A u g u s t,
1963 , u n le s s  o th e rw is e  n o te d .
A . O n c o m p a tib ili ty :  P o ll in a t io n s  w e re  m ade in  th e  f ie ld  am ong 
th e  fo llo w in g  6  v a r ie t ie s  w h ic h  h ad  b e e n  u s e d  in  th e  g re e n h o u se  th e
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p re v io u s  w in te r :  "Y ellow  G ia n t , " "Red S h e e n ,"  " V e ro n ic a ,"  " I5 U  
S e e d l in g , " " P s y c h e , " and  "K ona. "
At l e a s t  5 p o l l in a tio n s  w e re  m ade b e tw e e n  e a c h  2 v a r i e t i e s ,  
w ith  50 p o ll in a tio n s  b e in g  m ade of th e  c ro s s  "Red S h e e n "  X "Y ellow  
G ia n t" — a  to ta l  of 150 p o ll in a tio n s  in  a l l .
B . On flo w er p o s i t io n :  B ra ss  b a l ls  ( to ile t  f lu sh  box  f lo a ts )  
w e re  c o v e re d  w ith  ta r  and  p la c e d  a t  th e  fo llow ing  6 p o s i t io n s  o n  a 
f ie ld  g row n p la n t:  n o r th , s o u th , e a s t ,  a n d  w e s t  s id e s  o f th e  p la n t;  
in s id e  th e  fo l ia g e ,  and  a t th e  a p e x .
T h erm o co u p les  w e re  p la c e d  in  e a c h  b a l l  to  rec o rd  th e  s u n 's  
ra d ia n t  h e a t ,  a s  i t  m ight in f lu e n c e  s e e d - s e t ,  a t  th e  v a rio u s  p o s i t io n s  
o n  th e  p la n t .
P o lle n  from "Yellow  G ia n t"  w a s  u s e d  to  p o l l in a te  o v e r  100 
flo w ers  a t  th e  6 p o s i t io n s , for w h ic h  th e  te m p e ra tu re s  w e re  re c o rd e d  
a t  10  m inu te  in te rv a ls  on  a  c o n tin u o u s  c h a r t  from  8 AM to  5 P M .
C .  O n m odify ing  b ree d in g  te c h n iq u e s :  S e v e ra l te c h n iq u e s  w e re  
u s e d  in  a n  a tte m p t to  o b ta in  s e e d - s e t  in  th e  f i e ld .  For e a c h  te c h n iq u e  
10 f lo w e rs  o f "Red S h e e n "  w e re  p o llin a te d  w ith  "Y ellow  G ia n t"  p o l le n .
The te c h n iq u e s  w e re : a) sh a d in g  th e  p o l l in a te d  flo w ers  w ith  
c a rd b o a rd , b) e n c lo s in g  th e  p o llin a te d  p i s t i l  w ith  alum inum  fo il  and
c) k e e p in g  u n d e r m ason  ja r s  (to s c re e n  o u t th e  u ltra  v io le t  ra d ia tio n )  
th e  f lo w ers  to  b e  u se d  in  p o l lin a tio n s  from th e  tim e  th e  flo w er b u d s  
sh o w ed  c o lo r  u n t i l  th e y  w e re  u s e d  in  p o l l in a t io n s .
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The flo w ers  of th e  p o lle n  p a re n t w e re  e n c lo s e d  u n ti l  th e  p o lle n  
d e h is c e d ,  w h ile  th o s e  of th e  fem a le  w e re  k e p t under th e  ja r s  u n til  
a f te r  th e  r e s u l ts  o f th e  p o l l in a tio n s  c o u ld  b e  o b s e rv e d .
D . O n s e e d - s e t  u n d e r f ie ld  c o n d it io n s :  W ee k ly  p o llin a tio n s  
w ere  m ade from la te  Ju ly  to  m id -N o v em b er, u s in g  th e  c ro s s  "Red 
S h e e n "  X "Y ellow  G ia n t ."  A m inimum of 25 p o llin a tio n s  w a s  m ade 
e a c h  p o llin a tin g  d a y . The d a te s  o f p o l l in a tio n s  from w h ic h  s e e d  
pods d e v e lo p e d  w ere  re c o rd e d .
RESULTS AND DISCUSSION
An approach  to  the  problem  of C h in e se  h ib is c u s  s e e d - s e t  in  
th e  fie ld  during th e  sum m er m onths in  L ou isiana  w as lim ite d  by th e  
la c k  of know ledge of th e  flow ering h a b its  (pho toperiod ic  re sp o n se )  
and  co m p a tib ility  am ong th e  s p e c ie s  and  v a r ie tie s  o f H ib is c u s .
C o n se q u e n tly , i t  w as n e c e s sa ry  for th e  t e s t  p la n ts  to  be 
brought in to  th e  g reen h o u se  for th e  w in te r  m onths and to  be  grown 
under 2 d iffe ren t p h o toperiods in  o rder th a t  a l l  s p e c ie s  and v a r ie t ie s  
to  be  w orked  w ith  w ould  flow er s im u lta n e o u s ly . C ro s s e s  co u ld  th e n  
be m ade am ong th e s e  v a r ie t ie s  and  s p e c ie s  for th e  s e le c tio n  of th e  
p a re n tag e  th a t w ould  produce a  h igh  s e t  of s e e d .  The fem ale  p a ren t 
of th is  co m b in a tio n , fu rtherm ore, w ould  have to  be  a p ro fu se  bloom er 
in  order th a t su ff ic ie n t re p lic a te d  p o llin a tio n s  cou ld  be m a d e .
As can  be se e n  in  T able 1, JJ. s c h lz o p e ta lu s  b loom ed only 
under th e  sho rt d a y le n g th , w h ile  H . sv r ia c u s  (a s  p rev io u s ly  rep o rted  
by D av id son  and  Hammer -  14) bloom ed only  under th e  long d a y le n g th . 
H . r o s a - s in e n s is  and  th e  hybrid  "P sy ch e"  on th e  o ther h a n d , bloom ed 
under bo th  th e  long  and  sho rt d a y le n g th s .
P o llin a tio n s  among th e  t e s t  v a r ie tie s  an d  s p e c ie s  (T ables 2 and 
3) re s u lte d  in  s e e d - s e t  in  on ly  1 c ro s s  w ith in  th e  s p e c ie s  j j , .  s v r ia c u s .
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T able 1. Number of flow ers and  h e ig h t of p la n ts  of v a rio u s  h ib is c u s  
v a r ie t ie s ,  under 12 and  16 hour d a y le n g th s . F a l l ,  w in te r 
and  spring  1962-1963 .
12 hour d ay len g th  16 hour day len g th
H eight Number of H eight Num ber of
V ariety____________ in  cm______flow ers__________ in  cm______flow ers
Kona 90 13 92 19
Red Sheen 90 6 89 7
Yellow G ian t 91 12 90 14
V eronica 8 8 7 85 12
P syche 90 8 90 9
S c h izo p e ta lu s 89 2 0 92 0
Pink D eligh t 65 0 115 7
Alba 60 0 1 1 0 6
C o llie  M ullins 70 0 160 10
Table 2 .  P ercen t of pods th a t s e t  se e d  a s  a  re s u lt  o f c ro s s e s  of various h ib is c u s  v a r ie t ie s .  F a ll, 
w in te r and spring 1962-1963 .
Fem ale P a ren ts
M ale P aren ts
Yellow






D eliah t Alba
C o llie
M ullins
Yellow G ian t 50 80 0 25 0 25 60 0 0 0
V eronica 21 0 0 0 0 0 0 0 0 0
Kona 0 0 0 0 0 0 0 0 0 0
S ch izo p e ta lu s 0 0 0 0 0 0 0 0 0 0
P sy ch e 0 0 0 0 0 0 0 0 0 0
Red S heen 62 47 0 33 0 9 0 0 0 0
1£U S eedling 58 70 0 25 30 41 0 0 0 0
Pink D eligh t 0 0 0 0 0 0 0 0 0 0
Alba 0 0 0 0 0 0 0 0 0 1 0 0
C o llie  M ullins 0 0 0 0 0 0 0 0 0 0
to
CO
T able 3 . Number o f pods th a t  s e t  s e e d ,  pods th a t  d ro p p ed , and  pods th a t p resum ably  s e t  p a rth en o ca rp ica lly  
a s  a  re s u lt  of c ro s s e s  o f  v a rio u s  h ib is c u s  v a r ie t ie s .  F a ll ,  w in te r and  spring  1962-1963 .
M ale  P a ren ts
Fem ale
P a ren ts
Yellow






D eliah t Alba
C o llie
M ullins Total
Yellow s* 3 8 0 1 0 3 3 0 0 0 18
G ian t X** 3 2 7 5 5 9 2 5 4 5 47p**+- 0 0 0 2 0 0 0 0 0 0 2
V eronica s 3 0 0 0 0 0 0 0 0 0 3
X 9 7 6 8 4 10 4 4 3 5 60
p 2 0 2 3 0 0 0 0 0 0 7
Kona s 0 0 0 0 0 0 0 0 0 0 0
X 3 4 3 2 3 8 3 2 2 3 33
p 0 0 0 0 0 0 0 0 0 0 0
S c h iz o - s 0 0 0 0 0 0 0 0 0 0 0
p e ta lu s X 6 6 5 8 6 5 3 2 2 2 45
p 0 0 0 0 0 0 0 0 0 0 0
P sy ch e s 0 0 0 0 0 0 0 0 0 0 0
X 3 4 5 5 6 8 5 4 3 3 46
p 0 0 0 0 0 0 0 0 0 0 0
Red s 17 11 0 5 0 1 0 0 0 0 34
S heen X 10 12 15 10 8 10 8 4 6 7 90
p 0 0 0 0 0 0 0 0 0 0 0
T able 3 .  C on tinued
M ale  P a ren ts
Fem ale Yellow Red LSU Pink C o llie
P a ren ts G ian t V eronica Kona S ch izoD etalus P sv ch e S heen S eed lina D e liah t Alba M ullins T ota ls
LSU S 7 7 0 2 3 5 0 0 0 0 24
S eed ling X 3 3 11 5 10 7 5 5 4 10 63
P 2 e 0 1 0 0 0 0 0 0 3
Pink S 0 0 0 0 0 0 0 0 0 0 0
D elig h t X 3 4 4 5 5 4 5 4 3 3 40
P 0 0 0 0 0 0 0 0 0 0 0
Alba s 0 0 0 0 0 0 0 0 0 5 5
X 3 5 4 3 3 3 4 3 4 0 32
p 0 0 0 0 0 0 0 0 0 0 0
C o llie s 0 0 0 0 0 0 0 0 0 0 0
M ullins X 4 3 4 3 5 5 4 3 4 3 38
p 0 0 0 0 0 0 0 0 0 0 0
T o ta ls s 30 26 0 8 3 9 3 0 0 5 84
X 47 50 64 54 55 69 43 36 35 . 41 494
p 4 0 2 6 0 0 0 0 0 0 12
GRAND TOTAL 590
* S -  pods th a t  s e t  s e e d .
** X -  pods th a t  d ro pped .
***P -  pods th a t p resum ab ly  se t p a r th e n o c a rp ic a lly .
T h e re  w a s  no  s e e d - s e t  from  i n t e r s p e c i f i c  c r o s s e s  u s in g  t h i s  s p e c i e s  
a l th o u g h  B a s s  (2) r e p o r te d  t h a t  i n t e r s p e c i f i c  c r o s s e s  h a v e  b e e n  o b ­
t a in e d  w h e n  H . s v r i a c u s  w a s  c r o s s e d  w ith  H . r o s a - s i n e n s i s . T he 
s p e c i e s  H .  s c h i z o p e t a l u s . w h e n  u s e d  a s  a  m a le  in  c r o s s e s  w i th
H .  r o s a - s i n e n s i s  p ro d u c e d  s e e d ,  ( r e s u l t in g  in  th e  h y b r id  v a r ie ty  
" P s y c h e "  -  2 0 ) ,  b u t  n o t  w h e n  u s e d  a s  a  fe m a le  p a r e n t .  M an y  
c r o s s e s  w i th in  th e  s p e c i e s  H . r o s a - s i n e n s i s  p ro d u c e d  s e e d  in  
v a r io u s  c o m b in a t io n s  ( s e e  T a b le s  2 a n d  3 ) .  T h e  v a r ie ty  "K ona" o f  
t h i s  s p e c i e s  w a s  th e  o n ly  v a r i e ty  to  h a v e  n o t p ro d u c e d  s e e d  e i t h e r  
a s  a  m a le  o r  fe m a le  p a r e n t .  S e e d  r e s u l t e d  w h e n  th e  h y b r id  " P s y c h e "  
w a s  u s e d  a s  a  m a le  p a r e n t  w i th  v a r io u s  v a r i e t i e s  o f  H . r o s a - s i n e n s i s  
b u t  n o t w h e n  u s e d  a s  a  fe m a le  p a r e n t .
C o n s e q u e n t ly ,  from  a m o n g  th e  c r o s s in g  c o m b in a t io n s  m a d e , 
th e  p a r e n ta g e  "R ed  S h e e n "  X "Y e llo w  G ia n t"  w a s  s e l e c t e d  fo r fu r th e r  
s t u d i e s  o n  s e e d - s e t  s i n c e  "R ed  S h e e n "  w a s  a  p r o f u s e  b lo o m e r  a n d  
in  c o m b in a t io n  w i th  "Y e llo w  G ia n t"  s e t  a  l a r g e  a m o u n t o f  s e e d .
T he  d e te r m in a t io n  o f  t h e  o p tim u m  t im e  o f  d a y  fo r  p o l l in a t io n  
w a s  a n o th e r  p r e lu d e  to  f i e ld  a n d  g r e e n h o u s e  c r o s s i n g s  fo r th e  s tu d y  
o f  s e e d - s e t  ( a s  w e re  th e  p h o to p e r io d  a n d  c o m p a t ib i l i ty  t e s t s )  s i n c e  
i t  h a d  b e e n  r e p o r te d  t h a t  t im e  o f  d a y  o f  p o l l in a t io n  d o e s  e f f e c t  s e e d -  
s e t  (2 4 ) .
I t  w o u ld  a p p e a r  from  T a b le s  4 a n d  5 t h a t  th e  o p tim u m  t im e  o f  
d a y  fo r  p o l l i n a t io n s  o f  C h in e s e  h i b i s c u s  in  B a to n  R o u g e  d u r in g  th e
Table 4 .  P ercen t pods th a t s e t  se e d  of th e  c ro ss  "Red S heen" X "Yellow G ian t"  from p o llin a tio n s  made 
a t v a rio u s tim es of th e  d a y . T est 1, fa ll  and  w in te r 1963-1964 .
Time of Dav of P o llin a tio n
Blocks 9:30 AM 10:00 AM 10:30 AM 11:00 AM 11:30 AM 12:00 N 12:30 PM 1:00 PM
1 6 6 * 1 0 0 66 6 6  1 0 0 6 6 6 6 1 0 0
2 1 0 0 66 1 0 0 6 6  66 33 66 1 0 0
3 6 6 66 100 6 6  66 66 6 6 66
4 66 1 0 0 100 1 0 0  6 6 66 66 66
5 1 0 0 1 0 0 33 66  1 0 0 1 0 0 1 0 0 66
X 7 9 .6 8 6 .4 7 9 .8 7 2 .9  8 9 .6 6 6 . 2 7 2 .8 7 9 .6
*A11 fig u res  re p re se n t th e  p e rcen t se e d  pods s e t  re su ltin g  from th ree  p o llin a tio n s •
ANALYSIS OF VARIANCE
Source of 
V aria tion D .F .
Sum of 
Squares
M ean F 
Square O bta ined
F
R equired
Among T reatm ents 7 13 ,420 1 ,9 1 7 .1 13.04 2 .3 6  - 5%
Among B locks 4 758 3 .3 6  - 1%
W ith in  (Error) 28 412 14.7
T otal 39 14 .590
LSD = 6 .6 8  D * 7 .8 8
T able 5 .  P ercen t pods th a t s e t  se e d  of th e  c ro ss  "Red S heen" X "Yellow G ian t"  from p o llin a tio n s  made 
a t  v a rio u s  tim es of th e  d a y . T est 2 , fa ll  and  w in te r 1963-1964 .
Blocks
Time of Dav of P o llin a tio n s
1:30 PM 2:00 PM 2:30 PM 3:00 PM 3:30 PM 4:00 PM 4:30 PM 9:30 AM*
1 6 6 ** 33 1 0 0 6 6 100 6 6 66 0
2 66 6 6 66 6 6 1 0 0 66 1 0 0 0
3 66 1 0 0 1 0 0 66 66 1 0 0 66 0
4 1 0 0 6 6 6 6 6 6 6 6 33 66 0
5 6 6 66 6 6 66 33 6 6 66 0
X 7 2 .8 6 6 . 2 7 9 .6 6 6 . 0 7 3 .0 6 6 . 2 7 2 .8 0
* This p o llin a tio n  w as m ade th e  fo llow ing day using  fresh  po llen  and a  day o ld  flow er for th e  fem a le . 
**A11 fig u res  rep re se n t th e  p e rcen t s e e d  pods s e t  re su ltin g  from th re e  p o llin a tio n s .
ANALYSIS OF VARIANCE
Source of 






O b ta ined
F
R equired
Among T reatm ents 7 22 ,796 3 ,2 5 6 .6 9 .6 2 .3 6  -  5%
Among B locks 4 1,420 3 .3 6  -  1%
W ith in  (Error) 28 9 ,4 6 3 3 3 8 .0
T otal 39 3 3 .679
LSD «  3 2 .1 D = 3 7 .8
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w in te r  m on ths e x te n d s  from  9 :30  AM to  4 :30  P M . T his i s  no t fu lly  
in  a g re em e n t w ith  th e  tim e  o f d ay  re p o r te d  by Ja y a w e e ra  (24) an d  
N a k a so n e  (3 9 ), w ho re p o r te d  b e tte r  s e e d - s e t  from e a r ly  m orning 
p o llin a tio n s  th a n  from a fte rn o o n  p o l l in a t io n s .  H o w ev e r, g e o g ra p h ic  
lo c a t io n ,  tim e  of y e a r ,  a n d  p re v a ilin g  e n v iro n m en ta l c o n d it io n s  
m ight a l l  b e  in f lu e n tia l  in  th e  e s ta b l is h m e n t  of a n  optim um  tim e  of 
d ay  for p o l l in a t io n .
S t i l l  a n o th e r  p o s s ib le  c o n tro llin g  fa c to r  o f s e e d - s e t  in  th e  f ie ld  
w h ic h  c o u ld  n o t be  o v e rlo o k e d  w a s  th e  r a te  of p o lle n  tu b e  p e n e tra t io n  
th ro u g h  th e  s ty le  in  th e  e v e n tu a l  a c c o m p lish m e n t o f f e r t i l i z a t io n .
A cco rd in g  to  M a h e sc h w a ri (36) th e  tim e  n e e d e d  fo r p o lle n  
tu b e  p e n e tra t io n  is  d e p e n d e n t to  a n  a p p re c ia b le  d e g re e  o n  e n v iro n ­
m en ta l fa c to r s ;  a n d  d a ta  on  th is  p rob lem  m u s t, th e r e f o re ,  be c o n ­
s id e re d  a s  o n ly  a p p ro x im a te .
No a tte m p t w a s  m ade a t  th is  tim e  to  s tu d y  tu b e  p e n e tra t io n  in  
d e t a i l .  The n e c e s s a r y  u se  o f w in te r  p ro d u ce d  flo w ers  ( s in c e  sum m er 
p ro d u ce d  f lo w e rs  r e s u l te d  in  no s e e d - s e t )  r a i s e d  th e  q u e s t io n  a s  to  
w h e th e r  o r n o t an y  d e te rm in e d  ra te  o f tu b e  p e n e tra t io n  in  th e s e  f lo w ers  
p ro d u c e d  u n d e r g re e n h o u se  c o n d it io n s  c o u ld  in d ic a te  e v e n  th e  a p p ro x i­
m ate  r a te  o f tu b e  p e n e tra t io n  in  th e  f ie ld  u n d e r th e  h e a t  o f th e  sum m er 
m o n th s . The v e ry  fa c t  th a t  s e e d - s e t  d o e s  no t o c c u r  in  th e  f ie ld  du ring  
th e  sum m er m onths w o u ld  in d ic a te  th e  p ro b a b ility  th a t  th e  p e n e tra tio n  
o f th e  p o l le n  tu b e  to  th e  em bryo s a c  u n d e r f ie ld  c o n d it io n s  w a s  no t
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c o m p le te d , r e g a rd le s s  o f th e  r a te  o f p e n e t r a t io n .  S t i l l ,  th e  k n o w led g e  
o f e v e n  th e  ap p ro x im a te  r a te  o f tu b e  p e n e tra t io n  of 9 to  10 hours 
(T able 6 ) w a s  h e lp fu l in  th e  d e te rm in a tio n  o f th e  e f f e c t iv e n e s s  o f  th e  
p o l l in a t io n s .
E n v iro n m en ta l fa c to rs  a re  know n to  in f lu e n c e  th e  g e rm in a b ility  
of p o lle n  (7 , 8 , 9 , 2 5 , 2 6 , 3 5 , 36) e i th e r  in  v itro  or in  v iv o . A l­
th o u g h  th e  fa c to rs  w h ic h  in f lu e n c e  p o lle n  g e rm in a tio n  in  th e  f ie ld  
c o u ld  no t be  e x a c tly  d u p lic a te d  in  th e  la b o ra to ry , i t  w a s  e x p e c te d  
th a t  th e  r e s p o n s e s  of C h in e s e  h ib is c u s  p o lle n  to  c e r ta in  a r t i f ic ia l  
en v iro n m en ts  c o u ld  p o s s ib ly  g iv e  in d ic a t io n s  o f i t s  r e s p o n s e s  to  th e  
n a tu ra l  en v iro n m en t a t  th e  tim e  of p o l l in a t io n .
A lthough  p o lle n  g e rm in a b ility  in  v itro  i s  no t a  r e l ia b le  t e s t  of 
to ta l  v ia b i l i ty  o f a  p o lle n  sa m p le  (30) i t  d o e s  g iv e  a n  in d ic a t io n  of 
v ia b i l i ty  a n d , a t  th e  p re s e n t  t im e , i s  th e  m ost s a t is f a c to ry  t e s t  for 
C h in e s e  h ib is c u s  p o l le n .  H o w ev e r, in  v itro  g e rm in a tio n  may be  
som ew hat in c o n s is te n t  (30) an d  i t  may not re s p o n d  to  i t s  en v iro n m en t 
e x a c tly  th e  sam e a t  a l l  t im e s .
Som e p o lle n s  h a v e  b e e n  re p o rte d  to  g e rm in a te  in  d i s t i l l e d  
w a te r  (8 ) ,  b u t th e  p o lle n  o f C h in e s e  h ib is c u s  w o u ld  n o t .  B e c a u se  
o f th e  h ig h  c o n c e n tra tio n  of su g a r  n e e d e d  (T ab les  7 , 8  and  9) for 
g e rm in a tio n  i t  i s  m ost p ro b a b le  th a t  th i s  c o u ld  h a v e  b e e n  due  to  th e  
o sm o tic  c o n c e n tra tio n  o f C h in e s e  h ib is c u s  p o l le n .  V is s e r  (61) s ta te d  
th a t  m any p o lle n  g ra in s  a d ju s t  th e m s e lv e s  to  th e  o sm o tic  c o n d itio n s  o f
Table 6 . P ercen t pods th a t s e t  se e d  of th e  C h in ese  h ib isc u s  c ro ss  "Red Sheen" X "Yellow G ian t"
a fte r  s ty le s  had  been  se v e re d  a t th e ir  b a s e s  a t  30 m inute in te rv a ls  from 480 to  600 m inutes
a fte r  po llina tion*  Fall and w in ter 1963-1964.
M inutes
Blocks 480 510 540 570 600
1 0 0 33 6 6 66
2 0 0 33 1 0 0 66
3 0 33 33 6 6 66
4 0 0 66 6 6 66
5 0 33 0 33 66
X 0 13.2 3 3 .0 6 6 . 2 6 6 . 0
ANALYSIS OF VARIANCE
Source of 









Among T reatm ents 4 18,181 4 ,5 4 5 .3 14.5 3 .0 1  -  5%
Among Blocks 4 704 4 .7 7  -  1%
W ith in  (Error) 16 5 ,026 3 1 4 .1
Total 24 23 .911
LSD * 3 2 . 7  D ■ 3 4 .4
T able 7 .  P e rcen t p o llen  germ ination  of C h in ese  h ib is c u s ,  v a rie ty  "Yellow G ian t"  in  v itro  cu ltu res
of various co n cen tra tio n s  of USP #1 sh redded  ag ar and su c ro s e , a fte r  4 hours a t  room
tem p era tu re . T est 1 fa ll and  w in te r 1962-1963 .
B locks
C o n cen tra tio n
2 /3 0 2/25 2 / 2 0 2 /15 2 / 1 0 1 /30 1/25 1 / 2 0 1/15 1/ 10*
1 25 2 0 15 0 0 20 15 10 5 0
2 40 15 10 0 5 30 10 5 0 5
3 35 30 20 5 5 50 30 5 0 0
4 40 25 10 0 0 35 10 5 0 0
5 35 2 0 10 5 0 40 15 10 0 5
X 35 22 13 2 2 35 16 7 1 2
*The f irs t num ber to  th e  le f t  o f th e  s la s h  mark rep re se n ts  th e  p e rcen t o f ag ar in  the m edium , th e  
second  num ber th e  p e rcen t su c ro se  in  th e  m edium .
ANALYSIS OF VARIANCE
Source of 









Among T reatm ents 9 7993 8 8 8 . 1 3 3 .0 2 .15  -  5%
Among Blocks 4 300 2 .9 4  -  1%
W ith in  (Error) 36 970 26 .9
T otal 49 9263
LSD - 7 . 6 9  D =  10.95
T ab le  8 ,  P e rcen t p o lle n  germ ina tion  o f C h in e se  h ib is c u s ,  v a rie ty  “Yellow G ia n t"  in  v itro  c u ltu re s
o f v a rio u s  c o n c e n tra tio n s  o f USP #1 sh redded  a g a r and  s u c ro s e , a f te r  4 hours a t  room
te m p e ra tu re . T es t 2 , f a l l  and  w in te r 1962-1963 .
B locks
C o n cen tra tio n
2 /4 0 2/35 2 /3 0 2 /25 2 / 2 0 1 /40 1/35 1 /30 1/25 1/ 2 0 *
1 60 60 45 25 10 70 60 25 25 10
2 65 50 30 2 0 10 65 60 25 20 15
3 70 50 25 10 5 75 60 2 0 16 5
4 50 45 2 0 15 15 70 45 35 12 2 0
5 45 35 30 20 10 65 55 20 10 5
X 58 48 30 18 10 69 56 25 16 11
*The f ir s t  num ber to  th e  le f t  o f th e  s la s h  mark re p re se n ts  th e  p e rc en t o f ag ar in  th e  m edium , th e  
se c o n d  num ber th e  p e rc en t su c ro se  in  th e  m edium .
ANALYSIS OF VARIANCE
Source of 






O b ta in ed
F
R equired
Among T reatm ents 9 21 ,207 2 ,3 5 6 .3 5 8 .6 2 .1 5  -  5%
Among B locks 4 510 2 .9 4  -  1%
W ith in  (Error) 36 1 ,448 4 0 .2
T otal 49 23 ,205
LSD = 9 . 4  D -  13 .4
T able 9 .  P ercen t p o llen  germ ination  o f C h in ese  h ib is c u s ,  v a rie ty  "Yellow G ian t"  in  v itro  c u ltu re s
of v a rio u s  c o n ce n tra tio n s  of USP #1 sh redded  a g a r and  s u c ro s e , a f te r  4 hours a t  room
tem p era tu re . T est 3 ,  fa ll  and  w in te r 1962-1963 ,
Blocks
C o n cen tra tio n
2 /5 0 2 /45 2 /4 0 2 /35 2 /3 0 1 /50 1/45 1/40 1/35 1/3  0^
1 50 50 45 40 25 60 65 70 50 2 0
2 45 55 50 25 15 55 60 45 40 15
3 10 40 35 45 25 50 65 65 25 2 0
4 12 30 55 15 20 50 50 40 35 25
5 15 2 0 45 20 35 25 40 45 15 30
X 26 39 46 29 24 48 56 53 33 22
♦The f irs t  num ber to  th e  le f t  of th e  s la s h  mark re p re se n ts  th e  p e rcen t o f ag ar in  th e  m edium , th e  
second  num ber th e  p e rc en t su c ro se  in  th e  m edium .
ANALYSIS OF VARIANCE
Source of 









Among T reatm ents 9 7 ,026 7 0 8 .7 6 . 6 2 .1 5  -  5%
Among B locks 4 1,999 2 .9 9  -  1%
W ith in  (Error) 36 4 ,2 3 1 117.5
Total 49 13.256
I S D «  16*05 D “  2 2 .9
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th e  m edium  a n d  th a t  th e  su g a r  c o n tro ls  th e  d if fu s io n  ra te  o f th e  w a te r  
in  th e  in i t ia t io n  of g e rm in a tio n .
A d e ta i le d  d is c u s s io n  sh o u ld  n o t be  n e c e s s a ry  of th e  p a r t ic u la rs  
o f th e  e x te n s iv e  la b o ra to ry  t e s t s  on  th e  r e s p o n s e s  o f C h in e s e  h ib is c u s  
p o lle n  g e rm in a tio n  to  v a r ia t io n s  in  th e  a r t i f ic i a l  e n v iro n m e n t. The 
r e s u l ts  of t h e s e  t e s t s  c a n  b e  s e e n  in  T ab le s  7 th ro u g h  18 in c lu s iv e  
and  F igure  I .  T h ese  t e s t s  c le a r ly  in d ic a te d  th a t  no t on ly  th e  ty p e  of 
a g a r  a n d  s u g a r ,  b u t a ls o  th e  c o n c e n tra tio n  g re a t ly  in f lu e n c e d  th e  
g e rm in a tio n  of C h in e s e  h ib is c u s  p o l le n .  (See a ls o  King a n d  Jo h n s to n  -  
2 9 ) . The 1 p e rc e n t  USP #1 sh re d d e d  a g a r  40 p e rc e n t s u c ro s e  tre a tm e n t 
se em e d  th e  b e s t  for th e  g e rm in a tio n  of C h in e s e  h ib is c u s  p o l le n  in  
v i t r o . w h ic h  i s  in  a g re em e n t w ith  o th e rs  (1 8 , 2 9 ).
From t e s t s  c o n c e rn in g  a d d it iv e s  to  th e  m edium  and  a d ju s tm e n t 
of th e  pH o f th e  m edium  i t  w a s  found  th a t  no a d ju s tm e n t o f th e  m edium  
w a s  n e c e s s a ry  (se e  T a b le s  12 th ro u g h  2 0 , in c lu s iv e  an d  F igu re  I I ) .
In  fa c t  th e  a d d it io n  o f GA to  th e  m edium  p re v e n te d  p o lle n  g e rm in a tio n , 
a lth o u g h  i t  w a s  p ro b ab ly  c a u s e d  by th e  o i l  b a s e  o f  th e  " G ib e re l"  a s  
o th e rs  (2 7 , 59) h a v e  sh o w n  GA to  s t im u la te  p o lle n  g e rm in a tio n .
P o lle n  g e rm in a tio n  w a s  a ls o  p re v e n te d  by a  pH o f b e lo w  3 .0  o r ab o v e  
1 1 .5 ,  w ith  a n  optim um  ra n g e  of 6 .5  to  7 .0  w h ic h  i s  in  th e  ran g e  o f  th e  
norm al m edium  w ith o u t any  a d ju s tm e n t .  M ost l ik e ly  no a d ju s tm e n ts  
w o u ld  b e  n e c e s s a r y  in  th e  f ie ld  (in  v iv o ) for p o l le n  g e rm in a tio n ; a l ­
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Percen t p o llen  germ ination  of C h in ese  h ib is c u s ,  v a rie ty  "Yellow G ian t" in  v itro  c u ltu res  
o f v a rio u s  c o n ce n tra tio n s  of USP #1 sh redded  ag ar and  su c ro se  a fte r  4 hours a t room 
tem p era tu re . T es ts  1 , 2 ,  and 3 , fa ll  and w in te r 1962-1963 . (G raphic i l lu s tra tio n  of 












T able 10. P ercen t p o llen  germ ination  of C h in ese  h ib is c u s ,  v a rie ty  "Yellow G ia n t"  in  v itro  c u ltu re s
of 1 p e rc en t of se v e ra l a g a rs  and 40 p e rcen t s u c ro s e , a fte r  4 hours a t room tem p era tu re .









"N ob les"  
SD ecial Aoar
1 0 50 15 18
2 0 55 15 15
3 0 50 16 10
4 0 60 15 15
5 0 65 2 0 16
X 0 56 16 15
ANALYSIS OF VARIANCE
Source of Sum of M ean F F
V ariation__________________ D .F .__________ Squares_________ Square________ O bta ined_________ R equired
Among T reatm ents 3 8 ,6 2 6 2 ,8 7 5 .3 2 5 0 .0  3 .4 9  -  5%
Among B locks 4 8 6 5 .9 5  -  1%
W ith in  (Error) 12 138 11.5
T otal 19 8 .8 5 0
LSD = 6 . 6  D = 5*7
T able 11 . P ercen t p o llen  germ ination  of C h in ese  h ib is c u s ,  v a rie ty  "Yellow G ian t"  in  v itro  c u ltu re s
of 1 p e rcen t USP #1 sh redded  ag ar and 40 p e rcen t of se v e ra l su g a rs , a f te r  4 hours a t  room
te m p e ra tu re s . F a ll and  w in te r 1962-1983 .
S uaars
B locks No Suoar L ac to se L evulose S ucrose D extrose
1 0 4 0 65 53
2 0 0 0 60 40
3 0 0 0 58 42
4 0 7 0 70 55
5 0 10 0 65 50
X 0 4 0 64 48
ANALYSIS OF VARIANCE
Source of 









Among T reatm ents 4 25 ,129 6 ,2 8 2 .2 3 9 5 .1 2 .0 1  -  5%
Among B locks 4 89 4 .7 7  -  1%
W ith in  (Error) 16 255 15.9
Total 24 2 5 .473
LSD - 7 .4 D a  7 .2
T able 12 . P e rcen t p o llen  germ ination  of C h in ese  h ib is c u s ,  v a rie ty  “Yellow G ia n t11 in  v itro  c u ltu re s .
w ith  se v e ra l le v e ls  of ad d itio n a l bo ro n , a fte r  4 hours a t room te m p e ra tu re s . W in ter and  











1 60 80 75 80 65
2 65 75 70 75 60
3 50 80 80 70 60
4 60 70 75 75 55
5 65 75 75 70 50
X 60 76 75 74 58
♦Added a s  bo ric  a c id .
ANALYSIS QF VARIANCE*
Source of Sum of M ean F F
V aria tion D .F . S au ares Sauare O bta ined Required
Among T reatm ents 4 1 ,556 3 8 9 .0 16.2 3 .0 1  -  5%
Among B locks 4 8 6 4 ,7 7  -  1%
W ith in  (Error) 16 384 2 4 .0
T otal 24 2 .026
L S D - 9 . 0  D -  8 . 9
T able 13 . P ercen t p o lle n  germ ination  of C h in ese  h ib is c u s ,  v a rie ty  “Yellow G ia n t“ in  v itro  c u l tu r e s .
w ith  se v e ra l le v e ls  of a d d itio n a l n itro g e n , a fte r  4 hours a t  room te m p e ra tu re s . W in te r and













1 48 50 45 48 50
2 50 50 55 50 50
3 52 48 50 45 48
4 49 40 45 50 45
5 49 55 _ 40 49 43
X 50 49 47 48 47
*Added a s  ammonium c h lo r id e .
ANALYSIS OF VARIANCE
Source of Sum of M ean F F
V ariation D .F . S au ares Sauare O b ta ined R eauired
Among T reatm ents 4 23 5 .7 0 .3 7 3 .0 1  -  5%
Among B locks 4 74 4 .7 7  -  1%
W ith in  (Error) 14 241 15 .1
T otal 24 338
Not S ig n ifican t
T able 14 . P ercen t p o lle n  germ ination  of C h in ese  h ib is c u s ,  v a rie ty  "Yellow G ia n t"  in  v itro  c u l tu re s ,
w ith  se v e ra l le v e ls  o f a d d itio n a l p h o sp h o ro u s , a f te r  4 hours a t room tem p era tu re . W in ter













1 50 50 55 50 65
2 55 50 60 65 65
3 65 65 60 65 50
4 60 65 55 60 45
5 55 55 65 ____ 65 ....... . .. .. 55 ..........
X 57 57 59 61 56
♦Added a s  sodium  p h o s p h a te .
ANALYSIS OF VARIANCE
Source of 
Variation D .F ,
Sum of 







Among Treatm ents 4 80 2 0 . 0 0 .4 3 .0 1  -  5%
Among B locks 4 140 4.77 -  1%
W ith in  (Error) 16 780 4 8 .8
Total 24 1 . 0 0 0
■t Not s ig n if ic a n t .
T a b le  15. P ercen t p o llen  germ ination  of C h in ese  h ib is c u s ,  v a rie ty  "Yellow G ian t"  in  v itro  c u ltu re s .
With se v e ra l le v e ls  o f ad d itio n a l p o ta s s iu m , a f te r  4 hours a t room tem p era tu re . W in ter













1 60 70 75 70 60
2 65 60 60 60 65
3 65 65 60 65 75
4 75 70 55 65 65
5 70 60 70 60 65
67 65 64 64 66
*Added a s  p o tass iu m  c h lo r id e .
ANALYSIS OF VARIANCE
Source of 









Among Treatm ents 4 34 8 .5 0 . 2 2 3 .0 1  -  5%
Among Blocks 4 74 4 .7 7  -  1%
W ith in  (Error) 16 616 38 .5
Total 23 724
Not s ig n if ic a n t .
Table  16. Percen t p o l le n  germ ination  of C h in ese  h ib is c u s ,  va rie ty  "Yellow G ian t"  in  v itro  c u l tu re s .
w ith  s e v e ra l  le v e ls  of ad d it io n a l  c a lc iu m , a f te r  4 hours a t  room tem p era tu re .  W in te r  and  













1 60 55 65 75 75
2 65 65 70 65 70
3 60 60 60 65 65
4 75 55 75 50 55
5 55 60 50 55 50
X 63 59 64 62 63
* Added a s  ca lc ium  c h lo r id e .
ANALYSIS OF VARIANCE
Source of 









Among Treatm ents 4 74 18.5 0 .3 3 .0 1  -  5%
Among Blocks 4 524 4 .7 7  -  1%
W ith in  (Error) 16 956 5 9 .8
Total 24 1.554
Not s ig n if ic a n t .
T ab le  17 , P e rcen t p o lle n  germ in a tio n  of C h in ese  h ib is c u s ,  v a rie ty  “Yellow G ia n t"  in  v itro  c u l tu r e s .
w ith  s e v e ra l  le v e ls  of N a p h th a le n e -a c e t ic -a c id , a f te r  4 hours a t  room tem p era tu re .













1 50 62 50 60 55
2 60 60 61 55 65
3 65 50 55 65 50
4 65 55 65 65 50
5 $ 6  „ 60 60 50 65
X 59 57 58 59 57
• N a p h th a l e n e - a c e t i c - a c id .
ANALYSIS OF VARIANCE
Source of Sum of M ean F F
V ariation D .F . S au a re s Souare O b ta ined Required
Among Treatm ents 4 19 4 .8 0 . 1 1 3 .0 1  -  5%
Among Blocks 4 83 4 .7 7  -  1%
W ith in  (Error) 16 710 4 4 .4
Tota l 24 812
Not s ig n if ic a n t .
T able 18 . P e rcen t p o llen  germ ination  of C h in ese  h ib is c u s ,  v a rie ty  "Yellow G ian t"  in  v itro  c u l tu r e s .
w ith  s e v e ra l le v e ls  o f G ib b e re llic  a c id ,  a fte r  4 hours a t  room tem p era tu re . W in te r and













1 65 0 0 0 0
2 60 0 0 0 0
3 70 0 0 0 0
4 60 0 0 0 0
5 50 0 0 0 0
X 61 0 0 0 0
♦Added a s  p o tass iu m  G lb b e re l la te , a 0 .25  p e rcen t  em u ls if iab le  o i l  b a s e  c o n c e n tra te , so ld  under
trad e  name o f "G ib re l ."
ANALYSIS OF VARIANCE
Source of Sum of M ean F F
Variation D .F . S auares Sauare O bta ined Reauired
Among Treatment 4 14,884 3 ,7 2 1 .0 3 38 .3 3 .0 1  -  5%
Among Blocks 4 44 4 .7 7  -  1%
W ith in  (Error) 16 176 1 1 . 0
Total 24 15.101
LSD = 6 . 1  D * 6 . 0
T able 19 . P e rcen t p o lle n  g e rm ina tion  of C h in e se  h ib is c u s ,  v a rie ty  “Yellow G ia n t"  in  v itro  c u l tu re s ,
a t  v a rio u s  medium  p H 's ,  a f te r  4 hours a t room te m p e ra tu re . T es t 1 , w in te r  and  sp rin g
1 9 6 2 -1 9 6 3 .
dH of M edium
Block 12:t o 11.5 1 1 . 0 10.5 1 0 .0  9 .5 9 .0  8 .5 8 . 0 7 .5
1 0 1 25 2 0 30 30 35 45 35 50
2 0 2 30 25 35 30 35 40 40 55
3 0 i 2 0 25 30 25 30 35 35 45
4 0 0 25 2 0 25 20 25 20 35 40
5 0 1 32 15 25 20 25 30 42 45
X 0 1 26 22 29 25 30 34 37 47
ANALYSIS OF VARIANCE
Source  of 
V aria tion D .F .
Sum of 




O b ta in ed
F
Required
Among Treatm ents 9 9 ,8 9 6 1 ,0 9 9 .5 6 9 .6 2 .1 5  -  5%
Among B locks 4 405 2 .9 4  -  1%
W ith in  (Error) 36 569 15.8
T ota l 49 10 .870
LSD = 5 .88  D = 8 .4
Cn
N 3
T able 2 0 . P ercen t p o llen  germ ination  of C h in ese  h ib is c u s , v a rie ty  "Yellow G ian t"  in  v itro  c u ltu re s ,




'7 .0 6 .5 6 . 0 5 .5 5 .0 4 .5 4 .0 3 .5 3 .0 2 .5 2 . 0
1 60 60 55 45 50 55 45 15 1 0 0
2 70 65 50 40 45 50 40 2 0 2 0 0
3 60 70 55 45 40 40 40 15 1 0 0
4 60 70 50 40 35 45 30 15 1 0 0
5 65 60 55 50 30 30 30 22 0 0 0
X 63 65 53 44 40 44 37 17 1 0 0
ANALYSIS OF VARIANCE
Source of 









Among Treatm ents 10 30,382 3 ,0 3 8 .2 124.0 2 .0 7  -5 %
Among Blocks 4 148 2 .08  -  1%
W ith in  (Error) 40 979 24 .5
Total 54 31 .509
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Figure I I .  Percen t p o llen  germ ination  of C h in ese  h ib is c u s ,  v a rie ty  "Yellow G ian t"  in  v itro  cu ltu res  a t
va rio u s  p H 's  a f te r  4 hours a t  room tem p era tu re .  T es ts  1 and 2 , w in te r  and spring 1962-1963. 
(Graphic i l lu s t r a t io n  of Tables 19 and 20).
C/l
55
T he l a b o r a to r y  g e rm in a t io n  t e s t s  i n d i c a t e d  t h a t  w i n t e r  p ro d u c e d  
p o l l e n  w h ic h  g e rm in a te d  i n  a  c e r t a i n  e s t a b l i s h e d  a r t i f i c i a l  e n v i r o n ­
m e n t ,  w a s  t o  v a ry in g  d e g r e e s  v i a b l e  a n d  c a p a b l e  o f  g e r m in a t io n ,  
w h i l e  su m m er p r o d u c e d  p o l l e n  w h ic h  d id  no t  g e rm in a te  i n  th e  sa m e  
a r t i f i c i a l  e n v iro n m e n t  ( in c lu d in g  6 5 ° F .  a n d  7 5 ° F .  g e rm in a t io n  
t e m p e r a t u r e ) ,  w a s  n o t  v i a b l e  a c c o rd in g  to  t h i s  t e s t .  L o g ic a l l y ,  t h e  
q u e s t i o n  a r o s e  a s  t o  w h e th e r  th e  g e rm in a t io n  in  v iv o  o f  th e  sum m er 
p r o d u c e d  p o l l e n  w a s  a f f e c t e d  by  th e  h ig h e r  su m m er t e m p e r a t u r e s .
M a n y  w o rk e r s  (2 5 ,  2 6 ,  2 9 ,  46) h a v e  sh o w n  t h a t  t e m p e r a tu r e  i s  o f  
g r e a t  im p o r ta n c e  i n  th e  g e r m in a t io n  o f p o l l e n .
I t  w a s  w i th  t h i s  p o s s i b i l i t y  i n  m ind  t h a t  a  t e m p e r a tu r e  e f f e c t
t e s t  w a s  c o n d u c te d  o n  w i n t e r  p r o d u c e d  p o l l e n  c u l tu r e d  o n  th e  s a m e
p r e d e t e r m in e d  b e s t  c u l tu r e  m e d iu m . T h e re  w a s  no  n e e d  to  i n c l u d e
su m m er  p r o d u c e d  p o l l e n  in  t h e s e  t e s t s  b e c a u s e  i t  f a i l e d  to  g e r m in a te
u n d e r  a n y  s e t  o f a r t i f i c i a l  e n v iro n m e n t  a n d  c o n d i t i o n s . T he  r e s u l t s
o f  t h e s e  t e s t s  (T a b le s  21 a n d  22 a n d  F ig u re  III) c l e a r l y  i n d i c a t e  t h a t
a  t e m p e r a tu r e  r a n g e  o f  7 0 ° F .  t o  8 5 ° F  i s  t h e  op tim u m  for t h e  g e r m i n a -
o
t i o n  o f  C h i n e s e  h i b i s c u s  p o l l e n ,  w h i l e  a t  t e m p e r a tu r e s  a b o v e  100 F .  
a n d  b e lo w  5 0 ° F .  t h e r e  w a s  no  p o l l e n  g e r m in a t io n .
The r e s u l t s  o f  t h i s  t e s t  a n d  t h e  f a c t  t h a t  su m m er p r o d u c e d  p o l l e n  
w o u ld  no t g e rm in a te  i n  v i t ro  w o u ld  i n d i c a t e  t h a t  n o t  o n ly  w a s  th e  
g e r m in a t io n  o f  t h e  p o l l e n  in  t h e  f i e ld  a d v e r s e l y  a f f e c t e d  b y  t h e  h ig h e r  
su m m er  t e m p e r a t u r e ,  b u t  p o s s i b l y  th e  f o rm a t io n  a n d  d e v e lo p m e n t  o f  t h e
T able 2 1 . P ercen t p o llen  germ ination  of C h in e se  h ib is c u s ,  v a rie ty  "Yellow G ian t"  in  v itro  c u ltu re s ,
a t  va rious te m p e ra tu re s , a f te r  4 h o u rs . T est 1 , fa ll and  w in te r 1963-1964 .
TemDeratures
Blocks 1L20°F 115°F 110°F 105°F 100°F 95°F 90°F 85_°F 80°F
1 0 0 0 0 0 40 35 60 60
2 0 0 0  0 2 2 0 40 60 50
3 0 0 0 0 5 0 40 50 60
4 0 0 0 0 0 2 0 30 50 60
5 0 0 0  0 0 10 2 0 55 60
X 0 . 0 0 . 0 0 . 0  0 . 0 1 .4 18.0 3 3 .0 5 5 .0 5 8 .0
ANALYSIS OF VARIANCE
Source of 









Among Treatm ents 8 27 ,284 3 ,4 1 0 .5 1 1 1 . 1 2 .25 -  5%
Among Blocks 4 157 3 .1 2 -  1%
W ith in  (Error) 32 983 3 0 .7
Total 44 28 .424
LSD -  9 .5  D = 11.7
cn
<T>
Table 2 2 . P e rcen t p o llen  germ ination  of C h in ese  h ib is c u s ,  v a rie ty  "Yellow G ian t"  in  v itro  c u l tu re s ,
a t  v a rious te m p e ra tu re s , a fte r  4 h o u rs . T est 2 , fa ll and w in te r 1963-1964 .
Blocks
T em peratures
75°F 7 0°F 650 F 60°F 55°F 50°F 45°F 4 OOF 35°F
1 60 50 40 40 10 0 0 0 0
2 60 50 40 20 0 0 0 0 0
3 55 60 50 30 15 0 0 0 0
4 60 50 40 10 0 0 0 0 0
5 50 60 30 2 0 15 0 0 0 0
X 5 7 .0 5 4 .0 4 0 .0 2 4 .0 8 . 0 0 . 0 0 . 0 0 . 0 0 . 0
ANALYSIS OF VARIANCE
Source of 









Among Treatm ents 8 23 ,4 20 2 ,9 2 7 .5 100.3 2 .2 5  -  5%
Among Blocks 4 217 3 .1 2  -  1%
W ith in  (Error) 32 933 29 .3
Total 44 2 4 .570
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Figure I I I .  Percen t p o l len  germ ination  of C h in e se  h ib i s c u s ,  va rie ty  "Yellow G ian t"  in  v itro  cu ltu res  at 
va rio us  tem p era tu re s  a f te r  4 h o u rs .  T es ts  1 and  2 , fa l l  and  w in te r  1963-1964 . (Graphic 




p o l le n  might a l s o  be  a f fe c te d  an d  co u ld  be  th e  re a s o n  for th e  fa i lu re  
o f s e e d - s e t  in  th e  f ie ld  during the  sum m er. This of c o u rse  d o e s  not 
t a k e  in to  a c c o u n t  th e  p o s s ib i l i ty  of s im ila r  e v e n ts  in  th e  l i f e  of the  
mega spo re  tak in g  p la c e  a l s o .
Now th a t  th e  m ost favo rab le  s e t  of env iro nm en ta l  co n d it io n s  
h a s  b e e n  e s t a b l i s h e d  for th e  in  v itro  ge rm ina tion  of C h in e s e  h ib is c u s  
p o l le n  i t  w a s  n e c e s s a r y  to  t e s t  th e  w in te r  p roduced  p o l le n  of a l l  th e  
t e s t  v a r ie t i e s  an d  a ttem p t to  com pare t h e s e  r e s u l t s  w ith  th e  sam e 
g e rm in ab il i ty  t e s t s  w ith  sum m er p roduced  p o l le n .  As i t  tu rn e d  o u t ,  
sum m er p roduced  p o l le n  w ou ld  not g e rm in a te  in  v itro  under any c o n ­
d i t io n s  so  th is  t e s t  co u ld  be run on  only  w in te r  p ro duced  p o l le n .
W in te r  p rod uced  p o l le n  of a l l  v a r i e t i e s  o f H . r o s a - s i n e n s i s  
e x c e p t  "Kona" g e rm in a ted  in  v i t r o . S in ce  th e re  w a s  no s e e d - r s e t  w ith  
"Kona" e i th e r  a s  a  m ale  or fem ale  p a re n t  th e  v ia b i l i ty  of bo th  i ts  
p o l le n  and  m egaspore  cou ld  be  q u e s t io n e d .  P o llen  of th e  v a r ie ty  
" S c h iz o p e ta lu s "  and  th e  hybrid  "P sy ch e "  a l s o  g e rm in a te d  in  v i t ro .  
but none of th e  v a r ie t i e s  of H .  sv r ia c u s  g e rm in a ted  in  v i t r o . A s e t  
of s e e d  in  one  c ro s s  w ith in  th i s  s p e c ie s  in d ic a te d  th e  p o l le n  w a s  
v i a b l e ,  bu t  for some re a s o n  w ou ld  not ge rm in a te  on  th e  sam e cu ltu re  
medium o n  w h ich  o th e r  s p e c ie s  g e rm in a ted  r e a d i ly .  (See Table  23 an d  
th e  A ppend ix ) .
S in c e  th e re  w a s  no s e e d - s e t  in  th e  summer m o n th s ,  i r r e g a rd le s s
Table 23 . P ercen t po llen  germ ination  of va rious v a r ie tie s  of C h in ese  h ib is c u s , in  v itro  cu ltu re













1 0 65 60 50 55 65 55 0 0 0
2 0 50 64 55 60 50 50 0 0 0
3 0 65 65 60 50 55 55 0 0 0
4 0 70 60 65 60 40 60 0 0 0
5 0 60 65 60 55 50 65 0 0 0
X 0 62 63 58 56 52 57 0 0 0
ANALYSIS OF VARIANCE
Source of 









Among Treatm ents 9 40 ,778 4 ,5 3 0 .9 185.7 2 .15  -  5%
Among Blocks 4 43 2 .9 4  -  1%
W ith in  (Error) 36 877 24 .4
Total 49 41 ,698
LSD = 7 . 3  D = 10.4
61
o f a n y  b ree d in g  te c h n iq u e s  a n d  no g e rm in a t io n  o f  p o l le n  in  v i t ro  i t  
w o u ld  se e m  r e a s o n a b le  to  p o s tu la t e  th a t  th e  h igh  te m p e ra tu re s  during  
th e  sum m er w e re  a f fe c t in g  th e  v ia b i l i ty  o f  th e  p o l l e n .  A ls o ,  s in c e  
during th e  l a s t  2 w e e k s  in  O c to b e r  in  v i tro  g e rm in a t io n  o f  p o l le n  w a s  
s u c c e s s f u l  a n d  p o l l in a t io n s  m ade during  th i s  p e r io d  w e re  s u c c e s s f u l  
in  r e s u l t in g  in  s e e d - s e t  i t  w o u ld  se em  th a t  th e  c o o le r  te m p e ra tu re s  
during  th e  fa l l  (in th e  f ie ld )  w e re  more c o n d u c iv e  to  bo th  p o l le n  
g e rm in a t io n  a n d  s e e d - s e t .  How th e  h igher te m p e ra tu re s  in  th e  
sum m er m ight a f fe c t  th e  d ev e lo p m e n t o f  th e  p o l le n  i s  not know n 
a t  t h i s  t im e .
SUMMARY AND CONCLUSIONS
1. The f low ering  r e s p o n s e  o f H ib i s c u s  to  day  le n g th  w a s  a s  fo l lo w s :
a) E . r o s a - s i n e n s i s  a n d  th e  hyb rid  (H.. r o s a - s i n e n s l s  x  H . 
s c h iz o p e ta lu s )  f lo w ered  under b o th  th e  long  an d  th e  sh o r t  
d a y le n g th s . (16 hou rs  a n d  12  hours)
b) s v r i a c u s  f low ered  on ly  u nder th e  long d a y le n g th .  (16 h ours)
c) j l .  s c h iz o p e ta lu s  f low ered  on ly  under th e  sh o r t  d a y le n g th .  ( 1 2  
hours)
2 .  There  w e re  vary ing  d e g re e s  o f c o m p a t ib i l i ty  b e tw e e n  th e  s p e c i e s ,  
an d  am ong th e  v a r i e t i e s  w i th in  a  s in g le  s p e c i e s  o f H ib i s c u s  w h ic h  
w ere  g re e n h o u se  grow n during  th e  f a l l ,  w in te r  a n d  e a r ly  sp r ing  
m o n th s .  They w ere  a s  fo l lo w s:
a) The o n ly  in te r s p e c i f i c  p o l l in a t io n s  t h a t  r e s u l te d  in  s e e d - s e t  
w e re  H . r o s a - s i n e n s i s  x  H . s c h i z o p e ta lu s  an d  H .  r o s a -  
s i n e n s i s  x  th e  h y b r id .
b) The v a r io u s  v a r i e t i e s  w i th in  th e  d i f fe re n t  s p e c i e s  sh o w ed  
v a r io u s  d e g re e s  o f  c o m p a t ib i l i ty .
3 .  C o n tro l le d  p o l l in a t io n s  m ade a t  any  t im e  o f d ay  b e tw e e n  th e  hours  
o f  9 :30  AM an d  4 :30  PM r e s u l te d  in  s e e d - s e t ,  during  th e  f a l l ,  
w in te r  a n d  e a r ly  sp r in g  m o n th s .
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It a p p e a re d  to  h av e  t a k e n  th e  p o l le n  tu b e  from 9 to  10 hou rs  to  
p e n e t r a te  th e  s ty le  a n d  h e lp  a c c o m p l ish  f e r t i l i z a t io n  in  th e  C h in e s e  
h i b i s c u s ,  during th e  w in te r  m o n th s .
The op tim um  a r t i f i c i a l  medium  for th e  in  v i tro  g e rm in a t io n  o f C h in e s e  
h ib is c u s  p o l le n  c o n s i s t e d  o f 1 p e rc e n t  USP #1 sh re d d e d  a g a r  a n d  40 
p e rc e n t  s u c r o s e ,  p re p a re d  w ith  d i s t i l l e d  w a te r  an d  c o n ta in in g  no 
a d d i t i v e s .
The optim um  in  v i tro  g e rm in a t io n  te m p e ra tu re  ran g e  for C h in e s e  
h ib i s c u s  p o l le n  w a s  7 0 ° F .  to  8 5 ° F . , w i th  no g e rm in a t io n  r e s u l t in g  
a t  te m p e ra tu re s  be low  5 0 ° F .  or ab o v e  1 0 0 °F . A medium  pH of 6 .5  
to  7 .0  w a s  optim um  for p o l le n  g e rm in a t io n  (w hich  i s  th e  norm al pH 
of th e  optim um  a r t i f i c i a l  medium) w i th  no g e rm in a t io n  r e s u l t in g  a t  
a  pH b e lo w  3 .0  o r  a b o v e  1 1 .5 .
C h in e s e  h ib i s c u s  p o l le n  g e rm in a te d  in  v i tro  during  th e  f a l l ,  w in te r  
a n d  e a r ly  sp r in g  m o n th s ,  b u t  not during  th e  ho t m onths o f  th e  
sum m er.
C o n tro l le d  p o l l in a t io n s  of C h in e s e  h ib i s c u s  r e s u l t e d  in  s e e d - s e t  
du ring  th e  f a l l ,  w in te r  a n d  e a r ly  s p r in g ,  bu t not during  th e  ho t  
m onths of th e  sum m er.
It i s  p o s s ib l e  t h a t  th e  h e a t  of th e  sum m er m onths c o u ld  b e  a d v e r s e ly  
a f f e c t in g  th e  fo rm ation  a n d  d e v e lo p m e n t of th e  p o l le n  (not d i s c o u n t ­
ing  th e  p o s s ib i l i ty  o f th e  m a lfu n c t io n in g  o f  th e  m eg a sp o re ) ;  an d  th a t
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th i s  c o u ld  be  th e  r e a s o n  for th e  f a i lu re  o f C h in e s e  h ib i s c u s  to  s e t  
s e e d  in  th e  f ie ld  during  th e  sum m er m onths in  Baton R ouge ,
L o u is ia n a .
10 . At th i s  t im e  i t  i s  no t know n how th e  h e a t  c o u ld  be  a d v e r s e ly  a f ­
fe c t in g  th e  d e v e lo p m e n t an d  g row th  of th e  p o l le n ,  o r  in  w h a t  s ta g e  
of d e v e lo p m e n t  or g row th  i t  i s  a f f e c t e d .  The fo llow ing  q u e s t io n s  
n e e d  to  b e  i n v e s t ig a t e d  in  any s u b s e q u e n t  s tu dy  o f h ig h  te m p e ra tu re s  
a n d  p o l le n :
a) Do h igh  te m p e ra tu re s  a c tu a l ly  k i l l  t h e  p o l le n  g r a in ,  or i s  th e  
p o l le n  j u s t  p re v e n te d  from g e rm in a t in g ?
b) Is  th e  p o l l e n 's  r e a c t io n  to  h igh  te m p e ra tu re  th e  sam e  in  v iv o  
a s  i t  i s  in  v i tro  ?
c) W h e n  th e  p o l le n  i s  e x p o s e d  to  h ig h  te m p e ra tu re s  w i l l  i t  r e s p o n d  
i f  i t  i s  a g a in  e x p o s e d  to  c o o le r  te m p e ra tu re s  ?
d) How long  m ust th e  d u ra t io n  of h ig h  te m p e ra tu re  be  to  re n d e r  th e  
p o l le n  u n g e rm in ab le  ?
e) W h a t  p a r t i c u la r  s t a g e  of d e v e lo p m e n t or g row th  of th e  p o l le n
is  m ost s u s c e p t ib l e  to  th e  a d v e r s e  e f fe c t  o f  h igh  te m p e ra tu re s  ?
f) And l a s t l y ,  how (p h y s io lo g ic a l ly )  i s  th e  p o l le n  b e in g  a d v e r s e ly  
a f f e c te d  by h ig h  te m p e ra tu re s  ?
11. L o g ic a l ly ,  an y  fu r th er  s tu d y  s h o u ld  in c lu d e  th e  c o m p le te  i n v e s t i g a ­
t io n  o f th e  fo rm ation  an d  d e v e lo p m e n t of th e  m e g a s p o r e .
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APPENDIX
PHOTOMICROGRAPHS OF
j N  VITfiO 
POLLEN CULTURES5
All pho tom ic ro g raphs  a re  o f p o l le n  c u l tu re s  on  a  1 p e rc e n t  
USP #1 sh re d d e d  a g a r  a n d  40 p e rc e n t  s u c ro s e  m edium , a f te r  a  ge rm ina tin g  
pe riod  of 4 hours a t  room te m p e ra tu re .  The s t a in  u s e d  w a s  a  w a s h  of 1 
p e rc e n t  a q u e o u s  so lu t io n  of C r y s ta l  V io le t d i lu te d  in  250 p a r ts  e th a n o l .  




Photom icrograph  of in  v itro  g e rm in a ted  p o l le n  g ra in s  of th e  C h in e s e  
h ib is c u s  v a r ie ty  "Yellow G i a n t , "  show ing  m ultip le  p o l le n  t u b e s .
r PLATE 2
P ho tom icrog raph  of in  v itro  g e rm in a ted  p o lle n  g ra in s  o f th e  C h in e s e
h ib is c u s  v a r ie ty  "Red S h e e n ,"  show ing  m u ltip le  p o lle n  tu b e s .
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PLATE 3
P ho tom icrog raph  of in  v i t ro  g e rm in a te d  p o l le n  g ra in s  o f  th e  h ib i s c u s  
s p e c i e s  jl_. s c h i z o p e t a l u s , sh o w in g  m u ltip le  p o l le n  t u b e s .
r PLATE 4
P ho to m icro g rap h  o f in  v itro  g e rm in a te d  p o lle n  g ra in s  o f th e  C h in e s e
h ib is c u s  h y b rid  " P s y c h e ,"  sh o w in g  m u ltip le  p o lle n  t u b e s .
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r PLATE 5
P ho tom icrog raph  of In  v i t ro  g e rm in a te d  p o l le n  g ra in s  o f th e  C h in e s e  
h ib i s c u s  v a r ie ty  " V e ro n ic a ,"  show ing  m u ltip le  p o l le n  t u b e s .
PLATE 6
A
P ho to m icro g rap h  of in  v itro  g e rm in a te d  p o lle n  g ra in s  o f a  L . S . U ,
C h in e s e  h ib is c u s  s e e d l in g ,  show ing  m u ltip le  p o lle n  tu b e s .
PLATE 7
fc *
Photom icrograph  of a b u rs t  p o l le n  g ra in  of C h in e s e  
h ib is c u s  o n  an  in  v i tro  su g a r  free  m edium .
PLATE 8
Photom icrograph  o f n o n -g e rm in a te d  C h in e s e  h ib is c u s  
p o l le n  g ra in s  on  a n  in  v itro  m edium .
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